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ADVERTISEMENT. 


K this new Edition, a conversation has^ 
been added on the Stcain>eDgine, a ma« 
chine which contributes so abundantly to ■ 
the wealth, power, and happiness of this , 
irountry, that the author considered it ai’i* 
[leserving of particular attention. 




PREFACE. 


Iv venturing to olier to tlic public, anil 
more particularly to the lemale sex, an In- 
troduction to Chemistry, the author, her- 
self a woman, conceives that some expla- 
nation may be required ; and she ieels it the 
more necessary to apologize for the preseiit 
undertaking, as her knowledge of the sub- 
ject is but recent, and as she can have no 
real claims to the title of chemist. 

On attending for the first time expert- 
mental lectures, the author found it almost 
impossible to derive any clear or satisfac- 
tory information from the rapid demonstra- 
tions which are usually, and perhaps ne- 
cessarily, crowded into popular courses of 
this kind. But frequent opportunities 
having afterwards occurred of conversing 
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with a friend on the subjert of chemistry, 
and of repeating a variety of experiments, 
she became better acquainted with the 
principles of that science, and began to feel 
highly interested in its pursuit. It was 
then that she perceived, in attending the 
excellent lectures delivered at the Royal 
Institution, by the present Professor of 
Chemistry, the great advantage which her 
previous knowledge of the subject, slight 
as it was, gave her over others who had not 
enjoyed the same means of private instruc- 
tion. Every fact or experiment attracted 
her attention, and served to ex|>lain some 
theory to which she was not a total stranger ; 
and she had the gratification to find that 
the numerous and elegant illustrations, for 
which that school is so much distinguished, 
seldom failed to produce on her mind the 
efiect for which they were intended. 

Hence it was natural to infer, that fami- 
liar conversation was, in studies of this 
kind, a most useful auxiliary source of in- 
tbrinatioD j and more especially to the fe- 
male Bex^ whose education is seldom calcu- 
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lated to prepare tiieir minds for abstract 
ideas, or scientific language. 

As, however, there are but few women 
who have access to this inode of instruC' 
tion ; and as the author was not acquainted 
with any book that could prove a substitute 
for it, she thought that it might be useful 
for beginners, as well as satisfactory to> her- 
self, to trace the steps by which she had 
acquired her little stock of chemical know- 
ledge, and to record, in the form of dia- 
logue, those ideas which she had first de- 
rived from conversation. 

But to do this with sufficient method, 
and to fix upon a mode of arrangement, 
was an object of some difficulty. After 
much hesitation, and a degree of embarrass- 
ment, which, probably, the most competent 
chemical writers have often felt in commem 
with the most superficial, a mode of divi- 
sion was adopted, which, though the most 
natural, does not always admit of being 
strictly pursued~it is that of treating first 
of the simplest bodies, and then gradually 
risii^ to the most intricate compounds 
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It is not the author’s intention to enter 
into a minute vindication of this plan. But 
whatever may be its advantages or incon- 
veniences, the method adopted in this work 
is such, that a young pupil, who should 
only recur to it occasionally with a view to 
procure information on particular subjects, 
might often find it obscure or unsatisfactory; 
for its various jiarts are so connected with 
each other as to form an uninterrupted 
chain of facts and reasonings, which will 
appear sufficiently clear and consistent to 
those only who may have patience to go 
through the whole work, or have previously 
devoted some attention to the subject. 

It will, no doubt, be observed that in 
the course of these Conversations, remarks 
are often introduced, whicli appear much 
too acute for the young pupils, by whom 
they are supposed to be made. Of this 
fault the author is fully aware. But, in 
order to avoid it, it would have been neces- 
sary either to omit a variety of useful illus- 
trations, or to submit to such minute expla- 
nations and frequent repetitions as woukl 
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have rendered the work tedious, and there- 
fwe less suited to its intended purpose. 

In writing these pages, the author was 
more tlian once checked in her progress 
by the apprehension that such an attempt 
might be considered by some, either as un- 
siiited to the ordinary pursuits of her sex, 
or ill-justified by her own imperfect know- 
ledge of the subject. But, on the one hand, 
she felt encouraged by the establishment 
of those public institutions, open to both 
sexes, for the dissemination of philosophical 
knowledge, which clearly prove that the 
general opinion no longer excludes women 
from an acquaintance with the elements of 
science ; and, on the other, she flattered 
herself that whilst the impressions made 
upon her mind, by the w'onders of Nature, 
studied in this new point of view, were still 
fresh and strong, she might, perhaps, suc- 
ceed the better in communicating to otliers 
the sentiments she herself experienced. 

The reader will perceive, in perusing this 
work, that he is supposed to have pre- 
viously acquired some slight kno^lpjjlge of 
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natural philosophy, a circumstance so de- 
sirable, that the author has, since the ori- 
ginal publication of this work, been induced 
to offer the public a small tract, entitled 
“ Conversations on Natural Philosophy^’, 
in which the most essential rudiments of' 
that science are familiarly explained. 
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CONVERSATION L 

ON THE GENERAL PRINCIPLES OF CHEMISTRY. 

MRS. B. 

As you have now acquired some elementary no- 
tions of Natural Philosophy, I am going to pro- 
pose to you another branch of science, to which I 
am particularly anxious that you should devote a 
share of your attention. This is Chemistry, which 
is so closely connected with Natural Philosophy, 
that the study of the one must be incomplete with- 
out some knowledge of the other ; for, it is obvious 
that we can derive but a very imperfect idea of 
bodies from the study of the general laws by which 
they are governed, if we remain totally ignorant of 
their intimate nature. 

CAROLINE. 

To confess the truth, Mrs. B., I am not disposed 
to form a very favourable idea of chemisuy, nor 

VOL. I. B 



2 


GENERAL PRINCIPLES 


do I expect to derive much entertainment from it- 
I prefer sciences which exhibit nature on a grand 
scale, to those that are confined to the ininutiie of 
petty details. Can the studies which we have 
lately pursued, the general j)roperties of matter, or 
the revolutions of the heavenly bodies, be com- 
pared to the mixing up of a few insignificant drugs? 
1 grant, however, there may be entertaining ex* 
perinients in chemistry, and should not dislike to 
try some of them : the distilling, for instance, of 
lavender or rose w^ater. 


iviRS. n. 

I rather imagine, my dear Caroline, that your 
want of taste for chemistry proceeds from the very 
limited idea you entertain of its object. You con- 
fine the chemist’s laboratory to the narrow pre- 
cincts of the apothecary’s and perfumer’s shops, 
whilst it is subservient to an immense variety of 
higher and more useful purposes. Besides, my 
dear, chemistry is by no means confined to works 
of art. Nature also has her laboratory, which is 
tlie universe, and there she is incessantly employed 
in chemical operations. You are surprised, Caro- 
line; but I assure you that the most wonderful and 
the most interesting phenomena of nature arc 
almost all of them produced by chemical powers. 
What Bergman, in the introduction to his history 
of chemistry, has said of this science, will give you 
a more just and enlarged idea of it He observes 
that the knowledge of nature may be divided into 
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three periods. The first is that in which the at- 
tention of men is occupied in learning the exter- 
nal forms and characters of objects, this is called 
Natural Histoty, In the second, they consider the 
effects of bodies acting on each other by their me- 
chanical power, as their weight and motion ; which 
constitutes the science of Natural Philosophy, The 
tliird period is that in which the properties and 
mutual action of the elementary parts of bodies are 
investigated. This last is the science of Chemistry, 
and I doubt not you will soon agree with me in 
thinking it the most interesting. 

CAROLINE. 

Chemical action and properties of the elements 
of bodies ! oh ! Mrs. B., that sounds alarmingly 
difficult. 

MRS. B. 

Without entering into the minute details of 
practicid chemistry, or penetrating into the pro- 
found depths of the science, a woman may obtain 
such a knowledge of chemistry as will not only 
throw an interest on the common occurrences of 
Ide, but will enlarge the sphere of her ideas, and 
render the contemplation of nature a source of de- 
lightful instruction. 

CAROLINE. 

If this is the case, I have certainly been much 
mistaken in the notion I bad formed of chemistry. 

I own that 1 thought it was chiefly confined to ^ 
knowledge and preparation of medicines. 
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MRS. B. 

Tlmt is only a branch of chemistry which is 
Called Pharmacy ; and, though the study of it is, 
no doubt, of great importance to the world at large, 
it belongs exclusively to professional men, and is 
therefore the last that I should advise you to pur- 
sue. 

EMILY. 

Did not the chemists formerly employ themselves 
in search of the philosopher’s stone, or the secret 
of making gold ? 

MHS. B. 

These were a particular set of misguided philo- 
sophers, who dignified themselves with the name 
of Alchemists, to distinguish their pursuits from 
those of the common chemists, whose studies were 
confined to the knowledge of medicines. 

But, since that period, chemistry has undergone 
so complete a revolution, that, from an obscure and 
mysterious art, it is now become a regular and 
beautiful science, to which art is entirely subservient. 
It is true, however, that we are indebted to the 
alchemists for many very useful discoveries, which 
sprung from their fruitless attempts to make gold, 
and which, undoubtedly, have proved of infinitely 
greater advantage to mankind than could have 
resulted from succeeding in tlieir chimerical pur- 
suits. 

The modern chemists, instead of directing their 
ambition to the vain attempt of producing any of 
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the original substances in nature, rather aim at 
analysing and imitating her combinations, and have 
sometimes succeeded in forming compounds, or 
effecting decompositions, no instances of which oc- 
cur in the chemistry of Nature. They have little 
reason to regret their inability to make gold, whilst, 
by their innumerable inventions and discoveries, 
they have so greatly stimulated industry and facili- 
tated labour, as prodigiously to increase the luxu- 
ries as well as the necessaries of life. 

EMILY. 

But I do not understand by what means che- 
mistry can facilitate labour ; is not that rather the 
province of tlie mechanic ? 

MRS. B. 

There are many ways by which labour may be 
rendered more easy, independently of mechanics ; 
but mechanical inventions themselves often derive 
their utility from a chemical principle. Such, for 
instance, as that most wonderful of all machines, 
the Steam-engine, In agriculture, a chemical 
knowledge of the nature of soils, and of vegetation, 
may become highly useful ; and in those arts which 
relate to the comforts and conveniences of life, it 
would be endless to enumerate the advantages 
which result from the study of this science. 

CAROLINE. 

But pray, tell us more precisely in what manner 
the discoveries of chemists have proved so bene- 
Hciai to society ? 
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MRS. B. 

TJiat would be an injudicious anticipation ; for 
you would not comprehend the nature of such dis- 
coveries and useful applications, so well as you will 
do hereafter. Without a due regard to method, 
we cannot expect to make any progress in chemis- 
try. I wish to direct your observations chiefly to 
the chemical operations of Nature; but those of 
Art are certainly of too high importance to pass 
wholly unnoticed ; we shall therefore allow them 
also some share of our attention. 

EMILY. 

Well, then, let us now set to work regularly. 1 
am very anxious to begin, 

MRS. B. 

The object of chemistry is to obtain a knowledge 
of the intimate nature of bodies, and of their mutual 
action on each other. Vou find, therefore, Caroline, 
that this is no narrow or confined science, which 
comprehends every thing material within our 
sphere. 

CAROLINE. 

On the contrary it must be inexhaustible ; and 1 
am at a loss to conceive how any proficiency can be 
made in a science whose objects are so numerous. 

MRS, B. 

If every individual substance were formed of dif- 
ferent materials, the study of chemistry would, in- 
deed, be endless ; but you must observe that the 
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various bodies in nature are composed of certain 
elementary principles which are not very numerous. 

CAROLINE. 

Yes ; I know that all bodies are composed of fire, 
air, earth, and water: that I learnt many years ago. 

MRS. B. 

But you must now endeavour to forget it. I 
have already informed you what a great change 
chemistry lias undeigone since it has become a re- 
gular science. Within these thirty years especially, 
it has experienced an entire revolution, and it is 
now proved, that neither fire, air, earth, nor water, 
can be called elementary bodies. For an elennn)- 
tary body is one that has never been decomposed, 
that is to say, sej)arated into other substances : and 
fire, air, earth, and water, are all ol’ tliem suscep- 
tible of decomposition. 

EMILY. 

I thought that decomposing a body was dividing 
it into its minutest parts. And if so, I do not un- 
derstand w hy an elementary substance is not cn})able 
of being decomposed, as well as any other. 

MRS. B. 

You have misconceived the idea of dcrompontion ; 
it is very different from mere divisloft. Tlie latter 
simply reduces a body into parts, but the former 
separates it into ihc! various ingredients, or mate- 
rials, of which it is composed. If we were to take 
a loaf of bread, and separate the several ingredients 
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of which it is made, the flour, the yeast, the salt, 
and the water, it would be very different from cut- 
Ing or crumbling the loaf into pieces. 

EMILY. 

I understand you now very well. To decom- 
pose a body is to separate from each other the va- 
rious elementary substances of which it consists. 

CAROLINE. 

But flour, water, and other materials of bread, 
according to your definition, are not elementary 
substances. 

MRS. B. 

No, my dear ; I mentioned bread rather as a 
familiar comparison, to illustrate the idea, than as 
an example. 

The elementary substances of which a body is 
composed are called the constituent parts of that 
body ; in decomposing it, therefore, we separate its 
constituent parts. If, on the contrary, we divide 
a body by chopping it to pieces, or even by grind- 
ing or pounding it to tlie finest powder, each of 
these small particles will still consist of a portion 
of the several constituent parts of tlie whole body : 
these are called the parts; do you under- 

stand the difference ? 


EMILY. 

Yes, I think, perfectly. We decompose a body 
into its constituent parts ; and divide it into its fn- 
iegrant parts. 
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MRS. B. 

Exactly so. If therefore a body consists of only 
one kind of substance, though it may be divided 
into its integrant parts, it is not possible to decom- 
pose it. Such bodies are therefore called simplr 
or elementary, as they are the elements ol’ which nil 
other bodies are composed. Compound bodies ar(i 
auch as consist of more than one of these elemeJi- 
tiiry principles. 


CAROLINE. 

But do not fire, air, earth, and water, consist, 
each of them, but of one kiiul of substance ? 

MRS. B. 

No, my dear ; they are every one of them sus- 
ceptible of being separated into various simple 
bodies. Instead of four, chemists now reckon no 
less than fifty-six elementary substances. The ex- 
istence of most of these is establbihed by the clearest 
experiments ; but, in regard to a few of them, par- 
ticularly the most subtle agents of nature, heat, 
lights and electricity, there is yet much uncertainty, 
and I can only give you the opinions which are 
deduced from the latest discoveries. After I have 
tumished you with a list of the elementary bodies, 
classed according to their properties, we shall pro- 
ceed to examine each of them separately, and then 
consider them in their combinations with each 
other. 

The most simple form of bodies is that of a metal, 
B 3 
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CAROLINE. 

You astonish me ! 1 thought the metals were 

only one class of minerals, and that nature abound- 
ed with other bodies, such as earth, stones, rocks, 
acids, alkalies, vapours, fluids, and the whole of 
the animal and vegetable creation. 

MRS. B. 

You have made a tolerably good enumeration, 
though I fear not arranged in the most scientific 
order. All these bodies, however, it is now 
strongly believed, may be ultimately resolved into 
metallic substances. Your surprise at this circum- 
stance is not singular, as the decomposition of some 
of them, which has been but lately accomplished, 
has excited the wonder of the whole philosophical 
world. 

But to return to the list of simple bodies — these 
being usually found in combination with oxygen, I 
shall class them according to their properties when 
so combined. This will, 1 think, facilitate their 
future investigation. 

EMILY. 

Pray, what is oxygen ? 

MRS. B. 

A simple body ; at least one that is supposed to 
be so, as it has never been decomposed. It will 
be one of the first of the elementary bodies whose 
properties 1 shall explain to you, and, as you will 
soon perceive, it is one of the most important m 
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nature. The first class comprehends imponder- 
able agents, or bodies without weight ; we know 
but three of this description : but we must now 
confine our attention to the enumeration and classic 
fication of the simple bodies in general. They nmy 
be arranged as follow : 

CLASS I. 

Comprehending the imponderable agents^ viz* 

HEAT or CALORIC, 

LIGHT, 

ELECTRICITY. 

CAROLINE. 

Heat and light we are well acquainted with, 
but I am rather surprised to hear you call them 
bodies. 


MRS. B. 

I have also given them the name of agents, for 
it is true that some philosophers question their 
materiality. 

EMILY. 

By electricity you mean, I suppose, that fluid 
which is produced by the electrical machine. 

MRS. B. 

Yes, but the machine is only a means of collect- 
ing and condensing electricity so as to render it 
visible; for this powerful agent, far from being 
confined to that apparatus, exists throughout na- 
ture ; we see it in the form of lightning darting 
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from one cloud to another, and it exists either in a 
positive or a negative state in all bodies. This 
difference I shall hereafter attempt to explain to 
you. 

We will now proceed to 

CLASS II. 

Comprehending agents capable of uniting iinih in- 
flammable bodieSy and in most instances of ffecU 

ing their combustion, 

OXYGEN, 

CHLORINE, 

IODINE, 

FLUORINE. 

Of these four bodies, the three last are of late 
discovery, and the part they perform in nature is 
very insignificant compared with that of oxygen, 
which I should not hesitate to consider as the most 
important of natural agents. 

CAROLINE. 

But these are surely not the only bodies capable 
of effecting combustion, the earth abounds with 
combustible bodies, so that it is difficult to meet 
with a substance which will not burn. 

MRS. B. 

These agents are not themselves combustible 
bodies, but they produce combustion in othei' 
bodies by uniting with them. 

CAROLINE. 

They must then be some species of fire, Mrs. 
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B., for I do not know any thing else which will 
make things burn. 

MRS. B. 

No, they are not fire, nor have they any analogy 
to it; but I fear that you must suspend your curio- 
sity till wc come to treat of combustion. 

The third class is very extensive, comprehend- 
ing all the substances capable of uniting with those 
of the second class, and forming with them va- 
rious compounds. 

CAROLINE. 

These then are the combustible bodies. 

MRS. B. 

They are so, but do not flatter yourself that we 
shall enter upon the subject of combustion at pre- 
sent, we must first labour through the details of this 
long enumeration of simple bodies ; and in order to 
render it less perplexing, we will consider the third 
class only as it combines with oxygen, setting aside 
chlorine, iodine, and fluorine, for the present. 

This third class is separated into no less tlmn 
five divisions, according to the various sorts of 
compounds which they form by combining with 
oxygen. 

The first division consists of only one substance, 
hydrogen, forming water by its union with oxy- 
gen. 

CLASS III. 

DIVISION 1. 

HYDROGEN, forming water. 



u 


GENERAL PRINCIPLES 


EMILY. 

Tliis oxygen is indeed a wonderful substance ; a 
sort of Proteus, assuming sometimes the form of 
fire, at others that of water. 

MRS. B. 

Let not your poetical allusions mislead you ; for 
oxygen you will find to be neither fire nor water. 
With bodies comprehended in the second division, 
oxygen forms acids as follow : 

DIVISION 2. 

Bodies forming acids. 

NITROGEN, . . . forming nitric acid. 

SI LPHUii, .... forming sulphuric acid. 

PHOSPHORUS, . forming phosphoric acid. 

CARBON, forming carbonic acid. 

BORACiUM, . . . forming boracic acid. 

FLUOUIUM, . . . forming fluoric acid. 

CAROLINE. 

Well, Mrs. B., what is the next part which this 
universal agent has to perform ? 

MRS. B. 

The third division comprehends such of the me- 
tallic bodies as form alkalies by their union witli 
oxygen. 

DIVISION 3. 

Metallic bodies forming alkalies. 

POTASSIUM, . . .forming potash. 

SODIUM, forming soda. 
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AMMONIUM, . . . forming nmmonia. 

LITHIUM, forming 

Nor does the comprehensive agency of oxygen 
stop here; in the fourth division it converts the 
following bodies into earths. 

DIVISION 4 . 

Metallic bodies foj'ining earths. 

CALCIUM, or metal fanning lime. 


MAGNiUM, forming magnesia. 

liARiUM, forming barytes. 

STRONTIUM, . . .forming stiontites. 

siLi c i u M, forming si I ex. 

ALUMiUxM, forming alumine. 

yniiiUM, forming yttria. 


GLU c I L M , forming gl uci na. 

ZIRCONIUM, .. . forming zirconinf. 

THouiNUM, .... forming ihorina J. 

CAROLINE. 

So then, instead of one single elementary earth, 
according to the simple science of the good old 
times ; we have here nearly a dozen, and all of them 
compounds: you must acknowledge, Mrs. B., that 
the philosophy of our ancestors had the advantage 
of simplicity. 

* This fourth alkali was discovered by Mr. Arfvredw^n, a 
Swedish chemist, so recently as the year 1818. 

•f Of all these earths, three or four only have as yet betm 
distinctly decomposed. » 

J Thortna^ a new earth discovered by Berzelius in 1816, in 
a mineral composed of fluoric acid and cerium. 
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MRS. B. 

Simplicity has charms, only so far as it accords 
with truth. I am far from supposing the present 
classification of simple bodies to be perfectly cor- 
rect; on the contrary, the investigation and dis- 
coveries of tl»e most celebrated chemists shew us 
that occasional alterations already have been, and 
no doubt wall continue to be required : but as long 
as every change brings us nearer to the truth, we 
have no cause to complain of their frequency. I do 
not mean, however, to depreciate the labours of 
our forefathers ; we profit by their experience, both 
in avoiding their errors, and in following their steps 
when they were in the right path ; and it is no 
small advantage to be furnished with a hand-post, 
w hich indicates this is the right w ay and that is the 
w rong one. 

CAROLINE. 

People are very fond of expatiating on the wis- 
dom and experience of our ancestors, yet we must 
naturally be their superiors, since we have the ad- 
vantage of their accumulation of knowledge to fol- 
low, and of error to avoid ; and it would surely be 
much more rational to talk of the wisdom and ex- 
perience of oui'selves and our posterity, than that 
of our ancestors, 

MRS. B. 

I will admit that there is some truth in your ob- 
servation, provided that you allow that it is not de- 
void of vanity. But we are wandering away from 
our classification of simple bodies. 
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The fifth division comprehends the metals, either 
naturally in their metallic state, or, if combined witli 
oxygen, yielding it to carbon or to heat alone. 

EMILY. 

But what name do you give to these metals when 
united to oxygen ? 

MRS. B. 

It depends upon the quantity of oxygen with 
which they are united. A certain proportion con- 
verts them into bodies called oxides, a more con- 
siderable dose transforms them into acids ; I shall 
therefore simply enumerate the names of the me- 
tals, and we shall hereafter consider them in the 
state of oxides and of acids. 

This division is subdivided into malleable and 
brittle metals. 

DIVISION 5. 

Metals^ either naturally metallic^ or yielding their 
oxygen to carbon or to heat alone. 
Subdivision 1. 

Malleable metals, 

GOLD, SILVER *, 

PLATINA, MERCURY f, 

PALLADIUM, TIN, 

♦ These first four metals have commonly been distinguished 
by the appellation of perfect or noble metals, on account of 
their possessing the characteristic properties of ductility, mal> 
leability, inalterability, and great specific gravity, in an emi- 
nent d^ree. 

f Mercury, in its liquid state, cannot of course be called a 
malleable metal. But, when frozen, it possesses a consider- 
able degree of malleability. 



18 


GENERAL PRINCIPLES 


COPPER, NICKEL, 

IRON, ZINC, 

LEAD, CADMIUM*. 

Subdiv. 2. 

Brittle metals. 


ARSENIC, 

BISMUTH, 

SELENIUM f, 

TELLURIUM, 

COBALT, 

TUNGSTEN, 

MOLYBDENUM, 

TITANIUM, 

CHROME, 


ANTIMONY, 

MANGANESE, 

URANIUM, 

COLUMBIUM or TAN- 
TALI UM, 

IRIDIUM, 

OSMIUM, 

RHODIUM, 

CERIUM t. 


CAROLINE. 


Well, it must be confessed that this is rather a 
formidable list: you will have much to do to explain 
it Mrs. B. 


* A metal resembling tin; which was discovered in 1817, 
in on ore of zinc, by Mr. Stromeyer. 

f Selenium w'as discovered a few years ago by Berzelius in 
the ferruginous pyrites of Fahlun in Sweden. It has the me- 
tallic lustre, but it does not conduct electricity, and is but a 
bad conductor of caloric. It passes to the state of oxide and 
acid, so that it might perhaps more strictly be classed with 
sulphur. It may be distinguished by the smell of its vapour, 
which is that of horse-radish. 

These last four or five metallic bodies are placed under 
this class for the sake of arrangement, though some of their 
properties have not yet been fully investigated. 
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MRS. B. 

A chemical division being necessarily founded on 
properties with which you are almost wholly un- 
acquainted, it is impossible that you should at once 
be able to understand its meaning or appreciate its 
utility. 

EMILY. 

It does not appear to me so difficult ; allow me 
to look at it. Here are first the three imj)onder- 
able agents ; then the all potent oxygen, with its in- 
significant associates ; next follow the bodies which 
oxygen metamorphoses, converting one of them into 
water, seven into acids, four into alkalies, and ten 
into earths. Finally, there are ^ malleable, and • 
nine brittle metals, upon which oxygen operates a' 
double transformation, converting them either into 
oxides or acids, according as it more or less pre- 
dominates. 

MRS. B. 

I am glad to find that you have formed so correct 
an idea of this classification ; for it is, I confess, a 
difficult task to make an arrangement which shall 
be intelligible to beginners. 

But before wx proceed farther, it will be neces- 
sary to give you some idea of chemical attraction, 
a power on which the whole science depends. 

Chemical Attraction^ or the Attraction of Compo- 
sifion, consists in the peculiar tendency whicli 
bodies of a different nature have to unite with each 
other. It is by this force that all compositions and 
decompositions are effected. 
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EMILY. 

What is the difference between chemical attrac- 
tion, and the attraction of cohesion or of aggrega- 
tion, which you mentioned to us, in our conversa- 
tions on natural philosophy ? 

MRS. B. 

The attraction of cohesion exists only between 
particles of the same nature, whether simple or 
compound ; thus it unites the particles of a piece of 
metal which is a simple substance, and likewise the 
particles of a loaf of bread which is a compound. 
The attraction of composition, on the contrary, 
unites and maintains, in a state of combination, 
particles of a dissimilar nature : it is this power that 
forms each of the compound particles of which 
bread consists ; and it is by the attraction of co- 
hesion that all these particles are connected into a 
single mass. 

EMILY. 

The attraction of cohesion, then, is the power 
which unites the integrant particles of a body ; the 
attraction of composition that which combines the 
constituent particles. Is it not so ? 

MRS. B. 

Precisely : and observe, that the attraction of 
cohesion unites particles of«a similar nature, with- 
out changing their original properties ; tlie result 
of such an union, therefore, is a body of the same 
kind as the particles of which it is formed ; whilst 
the attraction of composition, by combining par- 
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tides of a dissimilar nature, produces compound 
bodies, quite different from any of their consti- 
tuents. If, for instance, I pour on the piece of 
copper, contained in this glass, some of this liquid 
(which is called nitric acid), for which it has a 
strong attraction, every particle of the copner will 
combine with a particle of acid, and together they 
will form a new body, totally different from either 
the copper or the acid. 

Do you observe the internal commotion that 
already begins to take place ? It is produced by 
the combination of these two substances ; and yet 
the acid has in this case to overcome not only the 
resistance which the strong cohesion of the particles 
of copper opposes to their combination with it, but 
also to overcome the weight of the copper, which 
makes it sink to the bottom of the glass, and pre- 
vents the acid from having such free access to it as 
it would if the metal were suspended in the liquid. 

EMILY. 

The acid seems, however, to overcome both 
these obstacles without difficulty, and appears to 
be very rapidly dissolving the copper. 

MRS. B. 

By this means it reduces the copper into more 
minute parts than could possibly be done by any 
mechanical power. But as the acid can act only 
on the surface of the metal, it will be some time 
before the union of these two bodies will be com- 
pleted. 
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You may, however, already see bow totally dif- 
ferent this compound is from cither of its ingre- 
dients. It is neither colourless, like the acid, nor 
hard, heavy, and yellow, like the copper. If you 
tasted it, you would no longer perceive the sour- 
ness of the acid. It has at present the appearance 
of a blue liquid ; but when the union is completed, 
and the water with which the acid is diluted, 
evaporated, the compound will assume the form of 
regular crystals of a fine blue colour, and perfectly 
transparent*. Of these I can show you a specimen, 
as 1 have prepared some for that purpose. 

CAROLINE. 

How very beautiful they are, in colour, form, 
and transparency ! Nothing can be more striking 
than this example of chemical attraction. 

MRS. R. 

The term attraction has been lately introduced 
into chemistry as a substitute ibr the word affinity^ 
to which some chemists have objected, because it 
originated in the vague notion that chemical com- 
binations depended upon a certain resemblance, or 
relationship, between particles that are disposed to 
unite; and this idea is not only imperfect, but 
erroneous, as particles of the most dissimilar nature 
have generally the greatest tendency to combine. 

CAROLINE. 

Besides, there seems to be no advantage in using 

* These ciystals are more easily obtained from a mixture 
of sulphuric with a little nitric acid. 
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a variety of terms to express the same meaning ; 
on the contrary, it creates confusion; and as we 
are well acquainted with the term Attraction in 
natural philosophy, we had better adopt it in che- 
mistry likewise. 

MRS. B. 

li you have a clear idea of the meaning, I shall 
leave you at liberty to express it in the terms you 
prefer. For myself, I confess that I think the word 
Attraction best suited to the general law that unites 
the integrant particles of bodies; and Alhnity bet- 
ter adapted to that which combines the constituent 
particles, as it may convey an idea of the prefer- 
ence which some bodies have for others, which the 
term attraction of comjjositioti does not so well ex- 
press. 

EMILY. 

So I think ; for thougli that preference may not 
result from any relationship, or similitude, between 
the particles (as you say was once supposed), yet, 
since it really exists, it ought to be expressed. 

MRS. B. 

Well, let it be agreed that we may use the 
terms affinity^ chemical attraction^ and attraction of 
composition^ indifferently, provided you recollect 
that they have all the same meaning. 

EMILY. 

I do not conceive how boilies can be decomposed 
by chemical attraction. That this power should be 
the means of composing them, is very obvious ; but 
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that it should, at the same time, produce exaptly the 
contrary effect, appears to me rather par^dpRical. 

MRS. B. 

To decompose a body is, you know, to separate 
its constituent parts, which, as we have just ob- 
served, cannot be done by mechanical means, 

EMILY. 

No: because mechanical means separate only 
the integrant particles ; they act merely against the 
attraction of cohesion, and only divide a compound 
into smaller parts. 

MRS. B. 

The decomposition of a body is performed by 
chemical powers. If, you present to a body com- 
posed of two principles, a third, which has a greater 
affinity for one of them than the two first have for 
each other* it will be decomposed, that is, its two 
principles will bp separated by means of the third 
liody. Let us call two ingredients, of whicli the 
body is composed* A and B. If we present to it 
another ingredient, C, which has a greater affinity 
for B than that whtCH unites A and B, it neces- 
sarily foUowa. that B wdi quit A to combine with 
C. The new ingi^edient, therefore, has effected a 
decomposition of the original body A B; A ,has 
been left alone, and a new compound, B C, has 
been formed. 

[Wc mighfiT ^Ink^ use the <i>ihparl^^ of two 
frtchds who wer^^v^iiaplpy m 
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till a third disunited them by the preference which 
one of them gave to the new-comer. 

MRS. B. 

Very well. I shall now show you how this takes 
place in chemistry. 

Let us suppose that we wish to decompose the 
compound we have just formed by the combination 
of the two ingredients, copper and nitric acid ; we 
may do this by presenting to it a piece of iron, for 
which the acid has a stronger attraction than for 
copper ; the acid will consequently quit the copper 
to combine with the iron, and the copper will be 
what the chemists call precipitated^ that is to say, it 
will be thrown down in its separate state, and re- 
appear in its simple form. 

In order to produce this effect, I shall dip the 
blade of this knife into the fluid ; and, when I take 
it out, you will observe, that, instead of being wet- 
ted with a bluish liquid, like that contained in the 
glass, it will be covered with a thin coat of copper. 

CAROLINE. 

So it is really ! But then is it not the copper, 
instead of the acid, that has combined with the 
iron blade ? 


MRS. B. 

No ; you are deceived by appearances : it is the 
acid which combines with the iron, and, in so doing, 
deposits or precipitates the copper on the surface 
of the blade. 

VOL. 1. c 
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BMILV. 

But are simple substances so exclusive in their 
preferences that three or four cannot combine to- 
gether without any of them being precipitated ? 

MRS. B. 

That is sometimes the case ; but, in general, the 
stronger affinity destroys the weaker ; and it sel- 
dom happens that the attraction of several sub- 
stances for each other is so equally balanced as to 
produce such complicated compounds. 

CAROLINE. 

And, pray, Mrs. B., what is the cause of the 
clieraical attraction of bodies for each other ? It 
appears to me more extraordinary or unnatural, if 
I may use the expression, than the attraction ot 
cohesion, which unites particles of a similar nature. 

MRS. B. 

Chemical attraction may, like that of cohesion 
or gravitation, be one of the powers inherent in 
matter which, in our present state of knowledge, 
admits of no other satisfactory explanation than an 
immediate reference to a divine cause. Sir H. 
Davy, however, whose important discoveries have 
opened such improved views in chemistry, has sug- 
gested an hypothesis which may throw great light 
upon tliat science. He supposes ^ that there are 
two kinds of electricity, with one or other of which 
all bodies are unk^. These we distinguish by .the 
names of positive and negative electricity; those 
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bodies are disposed to combine, which possess 
opposite electricities, as they are brought together 
by the attiaction whicli these electricities liave for 
each other. 

EMILY. 

So that we must suppose that the two electrici- 
ties always attract each other, and thus compel the 
bodies in which they exist to combine ? 

CAROLINE. 

And may not this be also the cause of the attrac- 
tion of cohesion? 

Mas. bJ , 

No ; for ini particles of the same nature the same 
electricities prevail, and it is only the different or 
opposite electric fluids which attract eadh other. 

CAROLINE. 

These electricities seem to me to be a kind ot 
diemical spirit, which animates the particles of' 
IxKlies, and draws them together* 

^ ^ ^ ^ EMILY. ^ 

If it with the^jcj^ctrici- 

ties (fftp|^jn(err§d will, 


CeHainly. Now oxygen is always found united 
wHh the ne^adFe electricity, and the" variety of 
bodiito ilritfr^:irhich' it ^ teadily combitiesf are all 
united with the {kiritive Electricity^ s6 ^ that if Sir 
c 2 
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H. Davy’s hypothesis be correct, their mutual at- 
traction is thus explained. 

CAROLINE. 

Most clearly ; oh ! I am sure, Mrs. B., it must 
be so. 


MRS. B. 

That point I am not able to determine, but, at 
all events, it is impossible to question the great 
influence of electricity on chemical combinations, 
as you will find when you are better acquainted 
with it. For the present I shall merely mention 
that some doubts have been entertained whether 
electricity be really a material agent, or whether 
it might not be a power inherent in bodies, similar 
to or perhaps identical with, attraction. 

EMILY. 

But what then would be the electric spark which 
is visibly and must therefore be really material ? 

MRS . B. 

What we call the electric spark may. Sir H. 
Davy says, be merely the heat and light, or fire 
produced by the chemical combinations with which 
these phenomena are always connected. We will 
not, however, enter more fully on this important 
subject at present, but reserve the principal fiicts 
which relate to it, to a future conversation. 

Before we part, however, I must recommend 
you to fix in your memory the names of the shnple 
bodies, against our next interview. 
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ON LIGHT AND HEAT OR CALORIC. 


CAROLINE. 

We have learned by heart the names of all the 
simple bodies which you have enumerated, and we 
are now ready to enter on the examination of each 
of them successively. You will begin, 1 suppose, 

with LIGHT ? 

MRS. B. 

Respecting the nature of light we have little 
more than conjectures. It is considered by most 
philosophers as a real substance, immediately 
emanating from the sun, and from all luminous 
bodies, from which it is projected in right lines 
wi^ prodigious velocity. Light, however, being 
imponderable, it cannot be confined and examined 
by itself; and therefore it is to the effects it pro- 
duces on other bodies, rather than to its immediate 
nature, that we must direct our attention. 

The connection between light and heat is very 
obvious: indeed, it is such, that it is extremely 
difficult to examine the one independeHtty of the 
other. . ^ 
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EMILY. 

But, is it possible to separate light from heat ? 
I thought they were only different degrees of the 
same thing, fire. 

MRS. B. 

I have told you that fire was not now Considered 
as a simple element. Whether light and heat be al- 
together different agents, or not, I cannot pretend 
to decide ; but, in many coses, light may be sepa- 
rated from heat. The first discovery of this was 
made by a celebrated Swedish chemist, Scheele. 
Another very striking illustration of the separation 
of heat and Hght was long after pointed out by Dr. 
Herschell. This philosopher discovered that these 
two agents were emitted in the rays of the sun^ and 
that heat was less refrangible than light; for, in 
separating the different-coloured rays of light by a 
prism (as we did some time ago), he found that’ the 
greatest heat was beyond the spectrum, at a little 
distance ironi the red rays, which, you mtcy recol- 
lect^ are the least refrangible. 

EMILY. 

I di6uld like to try that experiment 

MSS. B. 

It is by no means an easy one : the beat of a ray 
of light, refracted by a prism, is so smbll, that it 
requires a very delkate iberoiometer to distinguish 
dm dtfferepee of tim degree of beat within and with- 
out the spectrum. For in this experiment theheat 





is not totally separated from the light, each colour- 
ed ray retaining a certain portioi^ of it, though the 
greatest part is not sufficiently refracted to fall 
within tlie spectrum. 

EMILY. 

I suppose, then, that those coloured rays which 
are the least refrangible, retain the greatest quan- 
tity of heat. 

MRS. B. 

They do so. 

EMILY. 

Though I no longer doubt that light and heat 
can be separated, Dr. HerschelPs experiment does 
not appear to me to afford sufficient proof that they 
are essentially different; for light, which you call 
a simple body, may likewise be divided into the 
different cojoured rays. 

MRS. B. 

No doabC there must be some difibrenoe m the 
various-coloured raya. Even their cheoucal powers 
are different. The blue rays, for instance, have 
the greatest effect in separating oxygen from bodies, 
as was found by Scheele ; and there exist also, as 
Dr. Wollaston has shewn, rays more refrangible 
than the blue, which produce tlie same chemical 
effect, and, what is very remarkable, are invisible. 

EMILY. 

Do you think it possible dmt heat My be merely 
a modifioalkm of light ? 
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That is a supposition which, in tite present state 
of natural philosophy, can neither be positively 
aflBrnied nor denied. Let us, therefore, instead of 
discussing theoretical points, be contented with ex- 
amining what is known respecting the chemical 
effects of light. 

Light is capable of entering into a kind of tran- 
sitory union with certain substances, and tliis is 
what has been called phosphorescence. Bodies 
which are possessed of this property, after being 
exposed to the sun’s rays, appear luminous in the 
dark. The shells of fish, the bones of land ani- 
mals, marble, limestone, and a variety of com- 
binations of earths, are more or less powerfully 
phosphorescent. 


CAROLINE. 

I remember being much surprised last summer 
with the phosphorescent appearance of some pieces 
of ratten wood, which had just been dug out of the 
ground ; they shone with so much brightness that 
I at first supposed them to be glow-worms. 


EMILY. 

^d.is not the light of a glow-worm of a phos- 
phorescent nature ? 

MRS. B. 

It is a very remarkable instance of phosphores- 
cence in living animals ; this property, however, is 
not exclusively possessed by the glow-worm. The 
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insect call^ the lantenhify, Vhich is peculiar to 
warm cltimt6% emits ligbt as prodmpingin 

ih^ dark a remarkably sparkling app^auc^f But 
it is more common to aeo animal matter ip^i dead 
state possessed of a phosphorescent qutdityf sea- 
fish is often emiuently so. 

EMILY. 

I have heard that the sea has sometimes had the 
appearance of being illuminated, and that the light 
h suj^posed to proceed from the spawn of fishes 
floating Oh its surface. 

MtS. B. 

This light is probably owing to. that or ^me 
other animal matter. Sea-water has beeh observed 
to become luminous from the substance of a fresh 
herring having been immersed in it; and certain 
insects, of the Medusa kind, are known to produce 
similar effects. 

But the strongest phosphco^escence is produced 
by chemical compositions prepared for the purpose, 
the most common of which consists of oysterTsjbells 
and sulphur, and is known by the name of Can- 
ton’s Phosphorus. 

EMILY. 

1 am rather surprised, Mrs; B., that you should 
have said so much of the light admitted by phos« 
phorescent bodies, without taking any notice of that 
which is i 

^Tfac light remitted by the 4attordsso intmately 
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connected with tbe diemical history of eombililioo, 
tliat I most defer all explanation of it UU we come 
to the examination of that processi which is one of 
the most interesting in chemical science* 

Light is an agent capable of producing various 
diemical changes. It is essential to the welfare 
both of the animal and vegetable kingdoms; for 
men and plants grow pale and sickly if deprived of 
its salutary influence. It is likewise remarkable for 
its property of destroying colour, which renders it 
of great consequence in the process of bleaching. 

EMILY. 

Is it not singular that light, which in studying 
optics we were taught to consider as the source 
and origin of colours, should have also the power 
of destroying them ? 

CAttOLINE. 

It is a fact, however, that we every day expe^* 
rience: you know how it fades the colours of linens 
and silks. 

EMILY. 

Certainly ; but endive is made to grow white 
instead of green, by being covered up so as to ex- 
clude tlic light But by what means does light 
produce these opposite effects ? 

^ MRS. B. 

This I cannot attempt to explain to you until 
you have obtained a further knowledge of che- 
mistiy. As the chemical properties of light ^n 
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be accounted for only in their reference to cotn- 
pound bodies, it would be useless to detain you 
any longer on this subject ; we may therefore pass 
on to the examination of heat, or calorie, with 
which we are somewhat better acquainted. 

Heat and Light may be always distinguished 
by the different senantions they produce. Light 
affects the sense of sight: Caloric that of feeling; 
the one pioduces Vision^ the other the sensation of 
Heat. 

Caloric is found to exist in a variety of forms or 
modifications, and I think it will be best to con- 
sider it under the two following heads, viz. 

1. Free or radiant caloric. 

2. Combined caloric. 

The first, free or radiant caloric, is also 
called HEAT OF temperature ; it comprehends all 
heat which is perceptible to the senses, and affects 
the thermometer. 

EMILY. 

You mean such as the heat of the sun, of fire, 
of candles, of stoves ; in short, of every thing that 
burns ? 

MRS. B. 

And likewise of things which do not burn, as, for 
instance, the warmth of the body ; in a word, all 
heat that is sensible^ whatever may be its degree, 
or the source whence it is derived. 

CAROLINE. 

What then are the other modifications of caloric ? 
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It.iiiiBt be a atilaoge kind of heat whidi (smiot be 
perceive^ by our senses* ^ ^ 

8. B. _ 

i^one of tj^ie modifications pf caloric shpuld pro- 
perly be callpd heat for heat? strictly speaking, 
is the sensp.tion prodi;t^ed, by, caloric on anirnated 
bodies; this word, therefore, jin tlie accurate lan- 
guage of science, should be confined to express 
the sensation. But custom has adapted it likewise 
tp inanimate matter; and we say the heat <^an cf^en^ 
the heat without any i-eference to the 

seuj^atioii (which they aro capable ext* exciting* 

It was in order to avoid the confuaion which 
aixxse from thus confounding the cause and effect, 
that modern chemists adopted the new %vord calo- 
ric^ to denote the principle which produces Heat: 
y4l Uiey (Jo not always in compliance with their 
own language, limit the word heat to the expression 
of the sensation, since they slill 'frequently emplbj^ 
it ill reference id fhe otJier niotJifications of caWte 
w'hich are quite independent of^ sensation. 

, < . . CAJIOILINE. 

But have nPt ycft^elJplained to us what these 
other modifications of caloric are. 


ybii* "ai^e ndt aecjualnled with the 
6f Ww Hiat we ] 

properties free 
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caloric ia itk fbwer ^ ^dilaiing ipodies. This fluid 
is so extremely subtle, that it enters and pervades 
all bodies whatever, forces itself between their par- 
ticles, and not only separates them, but frequently 
drives them asdnder to a cbh^ldei^able difet'^nce 
from each othCr. It is thus that caldric dilates or 
expands a body, so as to make it occupy ^ greater 
space' than it did before. ^ ' 

The effect it has on bodies, therefijrey is directly 
contrary to that of die aittmetion of cohesion ; the 
one draws the partidies tc^ether, tile odier drives 
them asundeh • 5 > 

Mtt^. B. 

Precisely. There is a continual stru^le be- 
tween the attraction of aggregation, and the ex- 
pansive power of caloric \ an^ from the actipn of 
tjiese two opposite force^ result all tlie' vaiijqus 
forms of matte;;, ^r degre^^ of|^ cousistencj^, Irpn^ 
the solid to tne liquid aqd aeriform stat^ ^ud 
accordingly we find that most todies are capable 
of passing from one of these forms to the other, 
merely in consequence pf their jaeceiviAirrdjffeMnt 
quantities of calorie, 

CA^Oi^. 

That is yeiy curiQu^;. but, I thmfe,I,uu4nr^d 
the reasou of Jif gPftnti^y .ofiifUlow is 

added to a solid body»,,itiqtjio^ 
the particles m,suchi«^ uumaer overcome in 
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a ooDsiderabJe degree, the attractioQ of cohesion ,* 
asd the body, from a solid, is then converted into 
aJiiid. 

MBS. B. 

This is the case whenever a body is fused or 
melted; but if you add caloric to a liquid, can you 
tell me what is the consequence? 

CAROLINE. 

The caloric forces itself in greater j^undance 
between the particles of the liquid, and drives them 
10 such a distance from each other that their at- 
traction of aggr^ation is wholly destroyed : the 
liquid is then transformed into vapour. 

MRS. B. 

Very well ; and this is precisely the case with 
boiling water, when it is converted into steam or 
vapour, and with all bodies that assume an aeri- 
form state. 

EMILY. 

I do not well understand the word aeriform ? 

MRS. B. 

Any elastic fluid whatever, whether it be merely 
vapour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, 
and a&iform, admit of many different degree^ of 
or con$Utenc0i J^U arising (chiefly at least) 
the different qni^ttes of caloric the bodies 
Solids are of varioui degrees of density, 
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from thtiof gpUi to that of a thin jelly* Liqijuds, 
from ooosiateitGe of melted gluey or melted 
metals^ to that of ether, which is ^e lightest of all 
liquids. The difierent elastic fluids (with which yoa 
are not yet acquainted) are susceptible of no less 
variety in thsiv degrees of density. 

EMILY. 

But does not every individual body also admit 
of different degrees of consistence, without chaQg* 
irig its'state? 

MRS. B. 

Undoubtedly ; and this I can immediately show 
you by a very simple experiment This piece of 
iron now exactly fits the frame, or ring, made to 
receive it ; but if heated red hot, it will no longer 
do so, fi>r its dimensions will be so much increased 
by the caloric that has penetrated into it, that it 
will be much too large for the frame. 

The iron is now red hot ; by applying it to the 
frame, we shall see how much it is dilated. 

SMILY. 

Considerably so, indeed ! I knew that heat had 
this effect on bodies, but I did not imagine that it 
could be made so conspicuous. 

MBS. B. 

By means of this instrument, called a Pyrometer, 
we may estimate, in the exact numner, the 
various dilatations of any 9 ^ body bgdhost (Plate 
I. Fig. 1.). The body going to sij^t 
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to ifiai is this snwirlroh^h^r a A ft ^ 
pc^atus^ and theh'heat' the tht^6le^kiii(5s 

beneath it : when the bkr expands, it Ihtreaseaiin 
length as well as thickness ; and, as on^^ end com- 
municates with this wheel-work, B b, whilst the 
pther end is fixed and immoveable, ito sooner does 
it begin to dilate than it presses against the wheel- 
work, and sets in motion the index, c, which points 
out the degrees of dilatation on the dial-plate. 

EMILY. 

This IS, indeed, a very (iurious instrument; but 
I do not understand the use of the wheiels : would 
it not be more simple^ arid answer fhie *|itirpose 
equally well, if the bar, in dilating, pressed against 
the index, • iEkijhd put it in motion withoqt the inter- 
vention ^flthe wheels ? 

J^RS. B, 

The use of the wheels is merely to liuiltiply ilie 
motion, and therefore fender the effect of the calo- 
rie moro obviocrs;^for if< tbe(iiidex moved no more 
than the biuH increased in length, its motion would 
scarcely be perceptible ; but by means of the wheels 
it moves in a much great^, proportion, which there- 
fore rqi^er^^ the y/^riati^s far ipore conspicuous. 

By din^ent bodies to the test of tlie 

pyrometer, it is found that they are &r from dilat- 
ing in the same proportion. Di^rent metals ex- 
pand in different degi^ees, rind other kinds of solid 
bbdies v4fy‘^^till4ribi%"'fri‘ ihW respect ' l^nt^this 
dihiifdiOR ft stHl more re* 
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markable in fluids in solid bodies, as I shall 
show you, I have here two glass tubes (Plate L 
Fig. 2.) terminated at one end by large bulbs. We 
shall fill the bulbs, the one with spirit of wine, the 
other with water. I have coloured both liquids, in 
order that the effect may be more conspicuous. 
The spirit of wine, you see, dilates by the warmth 
of my hand as I hold the bulb. 

EMILY. 

It certainly does, for I see it is rising into the 
tube. But water, it seems, is not so easily affected 
by heat : for scarcely any change is produced on 
it by the warmth of the hand. 

MRS. B. 

True ; we shall now plunge the bulbs into two 
glasses of hot water (b b), and you will see both 
liquids rise in the tubes ; but the spirit of wine will 
ascend highest. 

CAROLINE. 

How rapidly it expands ! Now it has nearly 
reached the top of the tube, though the water has 
hardly begun to rise. 

Emily. 

The water now begins to dilate. Are not these 
glass tubes, with liquids rising within them, very 
like thermometers ? 

MRS. B. 

' ' ' ' ' i ' 

A thermometer is constructed exactly on the 
same pripeiple, and tbete tubes require only a seale 
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ta janswer the purpose of thermometers ; but they 
would be rather awkward in their dimensions* The 
tubes and bulbs of thermometersi thoo|^ of various 
sizes^. are in general much smaller than these ; the 
tube, too, is hermeticaliy closed, and the air ex* 
eluded from it. The fluid most generally used in 
thermometers is mercury, oommonly called quick* 
silver, die dilatations and contractions of which cou^ 
res)X)nd more exactly to the additions and* sub- 
tractions of caloric than those of any other fluid. 

CAUOUNE. 

Yet I have often seen coloured spirits of wine 
used in thermometers. 

MRS. B. 

The expansions and contractions of that liquid 
are not quite so uniform as those of mercury ; but 
in eases in which it is not requisite to ascertain the 
tehiperature with great precision, spirit of wine will 
answer the purpose equally well, and indeed in 
some respects better, as the expansion of the latter 
is greater, and dierefore more conspicuous. This 
fluid is used likewise in rituations and experiments 
in which mercury would be frozen ; for mercury 
becomes a solid body, like a piece of lead oir any 
other metal, at a certain degree of cold ; but no 
degree of odd has ever been known to freeze st>trit 
of wine. 

A thermometer, therefore^ consists of a tube with 
a hoXbf such as you see here, containing a fluid 
whose degrees of difaitatiow and omiractioo are in* 
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dicated by ft scale to which tbe^titbe is fixed. The 
degree which indicates the boiling pointy simply 
means, that when die fluid is stifhciently dilated to 
rise to tliis point, the heat is such that water ex- 
posed to the same temperature wtM boil* When, 
on the otlier hand, the fluid is so much condensed 
as to sink to the freezing point, we know that water 
will freeze at that temperature. The extreme 
fxunts of the scalies are imt the same in all tbetmo* 
meters, nor are the degrees always divided hi the 
same manner. In difierent countries philosophers 
have chosen to adopt different scales and divisions. 
The two thermometers most used are those of 
Fahrenheit and of Reaumur; the first is generally 
preferred by the English, the latter by the French. 

EMILY. 

The variety of scale must be very incCnvenient^ 
and I should think liable to occasion cpnfi^i^n, 
when French and En^ish experiments ^re 
jmred. 

MRS. a* 

The inconvenience is bitf very trifling, because 
the diflereni gradations of the scales do not affect 
the priUcipie'i.upon which tbennomeCmi are con- 
stru^ad* When we know^ for instance, that Fafa- 
renh^’s scale is dirided iato^l^ degrees, in whscfa 
32® corresponds with the freezing point, and ^12^ 
with the point of boiling water ; and that Reaumur’s 
is divided unly into flCtdegrees, in which O® demotes 
the freeziog poiiit, and SO® that ofboiiiiigu^ 
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is easy to compare the two scales together, and re> 
dace the one into the other. But, for greater con* 
venience, thenmnneters are sometimes constructed 
with both these scales, one on either side at the 
tube ; so diat the correspondence of the different 
degrees of die two scales is thus instantly seen. 
Here is one of those scales (Plate II. Fig. 1.), by 
which you can at once percave that each degree of 
Reaumur's corresponds to 2J of Fahrenheit’s di- 
vision. Bnt I believe the Fredch have, of late, 
given die preference to what they call the centi- 
grade scale, in which the space between the freezing 
and the boiling point is divided into 100 degrees. 

CAROLINE. 

That seems to me the most reawnable division, 
and I cannot guess why the freezing point is called 
32**, Or what advantage is deriv^ from it. 

There really is no advantage in it; and it ori- 
ginated in a mistaken opinion of the instrument- 
maker, Fahrenheit, who 6i%t constructed these 
diermometers. He mixed snow and salt together, 
and produced by that meanuX'degreeof Cold which 
he concluded was the there- 

ibre made his scale , ^ gin from point. Be- 
tween that and boi H^S ater he liiade SI'S de^ees, 
and the freezing pdiin^as'ibiincl^ be at S2°. 
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I believe they are the only liquids now in use, 
though some others, such as linseed-oil, would 
make tolerable thermometers : but for experiments 
in which a very quick and delicate test of the 
changes of temperature is required, air is the fluid 
sometimes employed. The bulb of air thermome- 
ters is filled with common mr only, and its expan- 
sion and contraction are indicated by a small drop 
of any coloured liquor, which is suspended within 
the tube, and moves up and down, according as the 
air within the bulb and tube expands or contracts. 
But in general, air thermometers, however sensible 
to changes of tempera^ture, are by no means accu- 
rate in their indications. 

I can, however, show you an air thermometer of 
a very peculiar construction, which is remarkably 
well adapted for some chemical experiments, as it 
is equally delicate and accurate in its indications. 
(Plate II. Fig. 2.) 

CAROLINE. 

It looks like a double thermometer reversed, the 
tube being bent, and having a large bulb at each 
of its extremities. 

EMILY. 

Why do you call it an air thermometer ? the tube 
contains a coloured liquid. 

MRS, B. 

But observe that the bolbs are Med with air, the 
liquid being confined to a pqrtion ^ tube, and 
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answering only the purpose pf showing, by its mo- 
tion in the tube, the comparative dilatation or con- 
traction of the air within the bul^, ivhich afford an 
indication of their relative temperature. Thus, if 
you heat the bulb A, by the warmth of your hand, 
the fluid will rise towards the bulb If, and the cpnr 
trary will happen if you reverse the experiment. 

But if, on the contrary, both tubes are of the 
same temperature, as is the case now, the coloured 
liquid) suffering an equal pressure on each side, no 
change of level takes place. 

CAROUNE. 

This instrument appears, indeed, uncommonly 
ddiieate. The fluid is set in motion by the mere 
approach of my band. 

MRS. B. 

You must observe, howievpr, that this thermo- 
meter cannot indicate the temperature of any par- 
ticular body, or of the medium in which it is im- 
mersed : it serves only to point out the difference of 
temperature between tlie two bulbs, wlien placed 
nnd^r different pir(pumstance$. For tins reason it 
has been called «cfQ^e^i^^/,thunnomuter« You will 
see hereafter tp whut particuUir purposes diis in- 
strumgpt.Vplies^ ^ h r 


But dt> oonimon^therila<#riel^^^ exact 

quantity of caloric ebntaaed^ekhei^ hi theUtmo- 
sphiiie, or toy^^feody^#il!i^Whi<Jh ^ey arc in 
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MRS. B. 

No: first, because there are other modifications 
of caloric which do not affect the thermometer ; 
and, secondly, because the temperature of a body, 
as indicated by the thermometer, is only relative. 
When, for instance, the thermometer remains 
stationary at the freezing point, we know that the 
atmosphere (or medium in which it is placed, 
whatever it may be) is as cold as freezing water : 
and when it stands at the boiling point, we know 
that this medium is as hot as boiling water : but 
we do not know the positive quantity of heat con- 
tained either in freezing or boiling water, anymore 
than we know the real extremes of heat and cold ; 
and consequently, we cannot determine that of the 
body in which the thermometer is placed. 

CAROLINE. 

I do not quite understand this explanation. 

MRS. B. 

Let us compare a thermometer to a well, in 
which the water rises to different heights, accord- 
ing as it is more or less supplied by the spring 
which feeds it: if the depth of the well is un- 
fathomable, it must be impossible to know the 
absolute quantity of water it contains : yet we can 
with the greatest accuracy, measure the number of 
feet the water has risen or fatten in the well, at any 
time, and consequently know tlie precise quantity 
of its increase or diminution, without having the 



FE££ CALORIC. 


4B 

least knowledge of the whole quantity of water it 
coataina. 

CAROLINE. 

Now I comprehend it very well : nothing ap- 
pears to me to explain a thing so clearly as a com- 
parison. 

EMILY. 

But will thermometers bear any degree of heat ? 

MKS. B. 

No : for if the temperature were much above 
the highest degree marked on the scale of the ther- 
mometer, the mercury would burst the tube in an 
attempt to ascend. And at any rat^, no thermq- 
meter can be applied to temperatures higher than 
the boiling point of the liquid used in its construc- 
tion ; for the steam on the liquid begiiming to boil, 
would burst the tube. In furnaces, > or whenever 
any very high temperature is to be measured, a 
pyrometer, invented by Wedgwood, is used for 
^that purpose. It is made of a certain composition 
ol^ baked clay, which has the pecftrtiar property of 
^ntracting by heat, so that the ‘degi^ of cdh- 
traction of this substance indicates the tCihpei^ture 
to which it has been exposed. ' - 

ERLILV 

‘Btit is it ptiS^Me for a to ciwtrect % 
heat ? I thought thaft heat^Uuiied^ldl bodies wfaoi- 
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This is not an exception to the rule. Yo^ must 
recollect that the bulk of the clay is not comparedy 
whilst hot, with that which it has when cold ; ,but 
it is from the change which the clay has under- 
gone by having been heated, that the indications of 
this instrument are derived. This change consists 
in a beginning fusion which tends to unite the par- 
ticles of clay more closely,, thus rendering it less 
pervious or spongy. 

Clay is to be considered as a spongy body, 
abounding in interstices or pores, from its having 
contained water when soft. These interstices are 
by heat lessened, and would 1^ extreme heat be 
entirely obliterated. 


CAROLINE. 

And how do you ascertain the degrees of con- 
traction of Wedgwood’s pyrometer ? 

MRS. B. 

The dimensiqns of a piece of clay are measured 
by. a scale graduated on the side of a tiered 
groove, fprmed in a brass ruler; the more the clay 
is Goutr^ted hy the hea^ the^fi|rtlier it Will descend 
into the narrow part of th^uw. ^ I < ^ 

Before we quit the subject of expansion, if must 
observe to you, that as liqMs expand more readily 
so elestic fluids wJ|>^thei:^aij; 05 

It may appear extraordinary, that all ebf^ 

VOL. I. D 
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fluids whatever, undergo the same degree of expan- 
sion from equal augmentations of temperature. 

EMILY. 

I siipi>ose, then, that all elastic fluids are of the 
same density ? 

MRS. B. 

Very far from it; they vary in density, more 
than either liquids or solids. Tlie uniformity of 
their expansibility, which at first may appear sin- 
gular, is, however, readily accounted for. For if 
the different susceptibilities of expansion of bodies 
arise from their various degrees of attraction of 
cohesion, no such difference can be expected in 
elastic fluids, since in these the attraction of cohe- 
sion does not exist, their particles being, on the 
contrary, possessed of an elastic or repulsive power; 
they will tlierefore all be equally expanded by equal 
degrees of caloric. 

EMILY. 

True ; ns there is no power opposed to the 
expansive force of caloric in elastic bodies, its dFect 
must be the same in all of them. 

MRS. B. 

Let us now proceed to examine the other pro- 
perties iif free caloric. 

Free caloric always tends to diffuie itself equally, 
that is to say, when two bodies are of different 
temperatures, the warmer giad|ia% paits iU 

^ colder, till they to 
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the same temperature. Thusy when a thermometer, 
is applied to a hot body, it receives caloric ; when 
to a cold one, it communicates part of its own ca- 
loric, and this communication continues until the 
thermometer and the body arrive at the same tem- 
perature. 

EMILT. 

Cold, then, is nothing but a negative quality, 
simply implying the absence of heat. 

MRS. B. 

Not the total absence, but a diminution of heat ; 
for we know of no body in which some caloric may 
not be discovered. 

CAROLINE. 

But when I lay my hand on this marble table 
1 feel it positively cold, and cannot conceive that 
there is any caloric in it. 

MRS. B. 

'fhe cold you experience consists in the loss of 
caloric that your hand sustains in an attempt to 
bring its temperature to an equilibrium with the 
marble. If you lay a piece of ice upon it, you 
will find that the contrary effect will take place; 
the ice will be melted by the heat which it abstracts 
from tbe marble* 

* OAROLIIIE. 

1# it not cpK^the air of tbe eQoni 

being Ae merfak^ melts tbe lice? ' 
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The air certainly acts on the sur&ce which is 
exposed to it, but the table melts that part with 
which it is in contact. 

CAROLINE. 

But why does caloric tend to an equilibrium ? 
It cannot be on the same principle as other fluids, 
since it has no weight 

MRS. B. 

Very true, Caroline; that is an excellent cAjec- 
tion. You might also with some jiropriety, object 
to the term equilibrium being applied to a body 
that is without weight ; but 1 know of nb expres- 
sion that would explain my meaning so well. You 
must consider it, however, in a figurative rather 
than a literal sense: its strict meaning is an equal 
diffusiofu We cannot, indeed, well say by what 
power it diffuses itself equally, though it is not 
surprising that it should go from the parts which 
have the most to those which have the least This 
subject is best explained by a theory suggested by 
Professor Prevost of Geneva, which is now, I be- 
lieve, generally adopted. 

According to this theory, caloric is composed of 
particles perfectly separate from each other, eveiy 
one of which moves with a rapid velocity in a cer- 
tain direction. These directions vary as much as 
ima^ation can concave, tbe result of which is, 
that there are rays or Hues of these partides moving 
with immense velocity in evety posaiMe dtteetibn. 
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Caloric is thus universally difRised, so that when 
any {lortion of space happens to be in the neighbour* 
hood of anotlier, which contains more calorici the 
colder portion receives a quantity of calorific rays 
from the latter, sufficient to restore an equilibrium 
of temperature. This radiation does not only take 
place in free space, but extends also to bodies of 
every kind. Thus you may suppose all bodies 
whatever constantly radiating caloric: those that 
are of the same temperature give out and absorb 
equal quantities, so that no variation of temperature 
is produced in them; but when one body contains 
more free caloric than another, the exchcMige is al- 
ways in favour of the colder body, until an equili* 
briiHn is affected ; this you found to be the case 
when the marble table cooled your hand, and again 
when it melted the ice. 

CAROLINE. 

This reciprocal radiation surprises me extremely. 
I thought, from what you first said, that the hotter 
bodies alone emitted rays of caloric, which were 
absorbed by [the colder ; for it seems unnatural 
that a hot body should receive any caloric from a 
cold one, even though it should return a greater 
quantity. 

MRS. B. 

It may ^t first iq^|>ear so, but it is no more 
extraotdinaiy than t^t a candle should aend forth 
rays^f Kgbl; tp the sun, which,, you know, must 
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CAROLINE. 

Well, Mrs*. B — , I believe that I iRust give up 
(he point But I wish I could se^ these rays of 
cidbric; I should then have greater faith in them. 

MRS. R. 

Will you give no credit to any sense but that 
of sight? You may feel the rays of caloric which 
you receive from any body of a tempeiature 
liigher than your own ; the loss of the caloric you 
part with in return, it is ti*ue, is not perceptible ; 
tor as you gain more than you lose, instead of 
suffiiring a diminution, you are really making an 
acquisition of caloric. It is therefore only when 
you are parting with it to a body of a lower tem-^ 
perature, that you are sensible of the sensation of 
cold, because you then sustain an absolute loss of 
caloric. 

EMILY. 

And in this case we cannot be sensible of the 
small quantity of heat we receive in exchange 
from the colder body, because it serves only to 
diminish the loss* 

MRS. B. 

Very well indeed, Emily. Professor Pictet, of 
Oeneva» has made some very interesting experi* 
ments, which prove not only that caloric radiates 
fhMR alt bodies whatever, but that these rays 'may 
be iidlected, According to the lews dt np^ In 
manner as light 1 Ubifl thele 
before you, having pMtmred idfrriw 




PlCXST^ JttfARATVS FOK TSE PXTtECTIOF OF MEAT. 




ssM 


ss 


fit f«F the puspose ; md it wUl afford m 
of>portuniiiity of uamg tbe ibel^inoaiieter, 

which is particidarly well adapted for tliese ex- 
periments. — I place an iron hnUet (Plate HI. 
Fig. ].), about two inches in diameter, and heated 
to a degree not sufficient to render it luminous, 
in the focus of this large metallic concave mirror. 
The rays of heat which fall on this mirror are 
reflected, agreeably to the property of concave 
mirrors, in a parallel direction, so as to fall on a 
similar mirror, which, you see, is placed opposite 
to the first, at the distance of about ten feet; 
thence the rays converge to the focus of the!* se- 
cond mirror, in which 1 place one of the bulbs of 
this thermometer. Now, observe in what manner 
it is afleeted by the caloric which is reflected on 
it Spom the heated bullet. — The air is dilated in 
die bulb which we placed in the focus of die 
mirror, and the liquor rises considerably in the 
opposite leg. 

EMILY. 

But would not the same effect take place, if the 
rays of caloric from the heated bullet fell directly 
on the thermometer, without tlic assistance of the 
mirrors ? 

MRS. B. 

The effect would in that case be so trifling, at 
ilie distaace at which the bullet and the thermo- 
meter are fiwi each other, that it would be almost 

i3nperaep^iil& Tl»« wrrdf*, ypi). gently 
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increase the effect, by collecting a large quantity of 
rays into a focus; place your hand in die focus ot* 
the mirror, and you will find it much hotter there 
than when you remove it nearer to the bullet. 

EMILY. 

That is very true ; it appears extremely singulai' 
to feel the heat diminish in approaching the body 
from which it proceeds. 

CAROLINE. 

And the mirror which produces so much heat- 
hy converging the rays, is itself quite cold. 

MRS. B. 

The same number of rays that are dispersed 
over the surface of the mirror, are collected by it 
into the focus ; but if you consider bow large a 
surface the mirror presents to the rays, and, con- 
sequently, how much they are diffused in compa- 
rison to what they are at the focus, which is little 
more than a point, 1 think you cau no longer 
wonder that the focus should be so much hotter 
than the mirror. 

The principal use of the mirrors in this experi- 
ment, is, to prove that the calorific emanation is 
reflected in the same manner as light. 

CAROLINE. 

And die result, I think, is very conclusive. 

MRS. B. 

The experiment may be repeated with a wax 
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taper^ imtead of the bullet, with a view of separating 
the light finom the caloric* For this purpose a 
transparent plate of glass must be interposed be* 
tween the mirrors; for light, you know, passes 
with great facility through glass, whilst the trans* 
mission of caloric is almost wholly impeded by it. 
We shall find, however, in this experiment, that 
Some few of the calorific rays pass through the 
glass .together with the light, as the thermometer 
rises a little ; but, as soon as the glass is removed, 
and a free passage left to the caloric, it will rise 
considerably higber. 

EMILY. 

This experiment, as well as tliat of Dr. Her- 
^ schell, proves that light and heat may be sepa- 
rated; for in the latter experiment the separation 
was not perfect any more than in that of Mr. 
Pictet. 

CAROLINE. 

I should like to repeat this experiment, with the 
difference of substituting a cold body instead of the 
hot one, to see whether cold would not be reflected 
as well as heat. 

MRS. B. 

That experiment was proposed to Mr. Pictet by 
an incredulous philosopher like yourself, and he 
immediately tried it by substituting a piece of ice 
in the place of the heated bullet 

CAROLlllB. 

^ Wel4 Mrs B., and what was the result ? 
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MRS. B. 

That we shall see ; I have procured some Ice for 
the purpose. 

EMILY. 

The thermometer falls considerably ! 

CAROUBE. 

And does not that prove that cold is not merely 
a negative quality, implying simply an inferior de- 
gree of heat ? The cold must be positive^ since it 
is capable of reflection. 

MRS. B. 

So it at first appeared to Mr. Pictet ; but, upon 
a little consideration, he found tiiat it afforded only 
an additional proof of the reflection of heat : this 
1 shall endeavour to explain to you. 

According to Mr. Prevost’s theory, we suppose 
that all bodies whatever radiate caloric ; the ther- 
mometer used in tliese experiments, therefore, emits 
calorific rays in die some manner as any other 
substance. When its temperature is in equilibrium 
with that of the surrounding bodies, it receives as 
much caloric as it parts with, and no change of 
temperature is produced. But when we introiluce 
a body of a lower temperature, such as a piece of* 
ice, which parts with less caloric than it receives, 
the consequence is, that its temperature is raised, 
whUst that of the surrounding bodies is propor- 
Uonally lowered. 
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EJMILV. 

If, foi I were to bring (t Urge pit^ce of 

ice intotjMs room, the ice would in time be melted, 
by absorbing caloric from the general radiation 
which is going on throughout the room ; and, as it 
would contribute very little caloric in return for 
what is absorbed, the room would necessarily be 
cooled by it. 

MRS. B. 

Just so: and as, in coiisequence of the mirrors, 
a more considerable exchange ol‘ rays takes place 
between the ice and the thermometer, than between 
these und auy of tlie surrounding bodies, the tem- 
perature of the thermometer must be more lowered 
than that of any otlier adjacent object. 

CAUOLJNE. 

I confess I do not perfectly understand your ex- 
planation. 

MRS. B. 

This experiment is exactly similar to that made 
with the heated bullet; for, if we consider the ther- 
mometer as the hot body (which it certainly is in 
comparison to tlie ice), you may then easily under- 
stand that it is by the loss of tlie calorific rays wliicli 
the thermometer sends to the ice, and not by any 
cold raya received jErora it, that tlie fall of the mer- 
cury is occasioned : for the ice, far from emitting 
rays of cojd, sends fortli rays of caloric, which 
diminish the loss sustained by the thermometer. 

Im. ^y^ ibr iustaoee, that the radiation of thci 
thanpfMU^it^ Uuvards the ice is equal to 20, and. 
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Slat of liie ice towards the thermometer to 10; 
the exchange in favour of the ice is as 20 is to 10. 
or the thermometer absolutely loses 10| whilst the 
ice gains 10. 

CAROLINE. 

But if the ice actually sends rays of caloric to 
the thermometer, must not the latter fall still lower 
when the ice is removed ? 


MRS. B. 

No: for tiie space which the ice occupied, admits 
rays from all the surrounding bodies to pass 
through it ; and those being of the same tempera- 
ture as the thermometer, will not affect it, because 
as much heat now returns to the thermometer as 
radiates from it. 

CAROLINE. 

I must confess that you have explained this in 
so satisfactory a manner, that I cannot help being 
convinced now that cold has no real cfaim to the 
rank of a positive being. 

MRS. B. 

Before I conclude the subject of radiation, 1 must 
observe to you that different bodies (or rather sur- 
faces) possess the power of radiating caloric in very 
different d^rees. 

Some curious experiments have been made by 
Mr. Leslie on this subject ; and it was for this pur- 
pose that he invented the differential thermometer: 
with its asslitance he ascertained that blmek surfaeeh 
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radiate most, glass next, and polished surfaces die 
least of all. 

EMILY. 

Supposing these surfaces, of course, to be all of 
the same temperature. 

MRS* B. 

Undoubtedly. I will now show you the very 
simple and ingenious apparatus, by means of which 
he made these experiments. This cubical tin vessel, 
or dinister, has each of its sides externally covere<.l 
with different materials; the one is simply black- 
eneil ; the next is covered with white paper ; the 
third witli a pane of glass ; and in the fourth the 
polished tin surface remains uncovered. We shall 
fill this vessel with hot water, so that there can be 
no doubt but that all its sides will be of the same 
temperature. Now let us place it in the focus of one 
of the mirrors, making each of its sides front it in 
succession* We shall begin with the black surface. 

CAROLINE. 

It makes the thermometer, which is in die focus 
of the other mirror, rise considerably. — Let us turn 
the paper sQF&ee towards the mirror. The . ther- 
mometer falls a little, therefore of course diis side 
cannot emit or radiate so much caloric as the 
blackened side. 

EMILY. 

This is very surprising ; ibr the sides ar^ exactly 
of the sam md must be of tbe same tempera- 
ture. But let m My the glass sur&ce.. , 
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MBS. B. 

The thermometer continues falling; and with the 
polished tin surface it falls still lower : these two 
surfaces, therefore, radiate less and less. 

CAROLINE. 

I think I have found out the reason of this. 


MRS. B. 

I should be very happy to hear it, for it has not 
yet (to my knowledge) been accounted foi*. 

CAROLINE. 

The water within the vessel gradually cools, and 
the thermometer in consequence gradually falls. 

MRS. B. 

It is true that the w'ater cools, but certainly in 
much less proportion than the thermometer de- 
scends, ns you w'ill perceive if you now change the 
tin surface for the black one. 

CAROLINE. 

I was mistaken, certainly ; for the thernionieU*r 
rises again now that the black surface fronts tiie 
mirror. 

MRS. B. 

And yet the water in the vessel is still coolings 
Cardkie. 

EMILY. 

I am surprised that the tin surface should radiate 
the least caloric; for a metallic vessd filled with 
hot water, a sHver teapot, for instance, feels much 
hotter to the hand than one of btaek earthenware. ^ 
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MRS. B. 

That is owing to tl)e different power which va- 
rious bodies possess for comlucting caloric^ a pro- 
perty which we shall presently examine. Thus, 
although a metallic vessel feels warmer to the hand, 
a vessel of this kind is known to preserve tlie heat 
of the liquid within, better than one of any other 
materials ; it is for this reason that silver teapots 
make better tea than those of earthenware. 

EMILY. 

According to these experiments, light-coloured 
dresses, in cold weather, should keep us warmer 
than black clothes, since the latter radiate so much 
more than the former. 

MRS. B, 

And tliat is actually the case. 

EMILY. 

This property, of different surfaces to radiate in 
different degrees, appears to me to be at variance 
with the equilibrium of caloric; since it would im- 
ply that those bodies which rmliatemost, must ulti- 
mately become coldest 

Suppose that we were to vary this experiment, 
by using two metallic vessels full of boiling water, 
the one blackened, the other not ; would not the 
black one cool the first ? 

CAROLINS. 

True ; but when they were both brought down 
to the temperature of tue room, the ialerehange of 
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caloric between the canLiters and the other bodies 
of the roOln beiiig thm ^iial, their temperatiires 
would remain the same. 

EMILY. 

I do not see why that should be the case ; for if 
different surfaces of the same temperature radiate 
in different degrees when heated, why should they 
not continue to do so when cooled down to the 
temperature of the room ? 

MRS. B. 

You have started a difficulty, Emily, which cer- 
tainly requires explanation. It is found by expe- 
riment that the power of absorption corresponds 
with and is proportional to that of radiation ; so 
that under equal temperatures, bodies compensate 
for the greater loss they austain in consequence of 
their greater radiation by their greater absorption : 
and if you were to make your experinient in an at- 
mosphere heated, like the canisters, to the tempe- 
rature of boiling water, though it is true that the 
canisters would radiate in different degrees, no 
change of temperature would be produced in them, 
because they would each absorb caloric in pro- 
poi^on to their respective radiation. 

EMILY. 

But would not the canisters of boiling water also 
absorb caloric in different degrees in a room of the 
common temperature ? 

Undoubtedly they would. But the various bodies 
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In the room would not» at a lower leniperature^ 
furnish either of the canisters widi a sufficiency ot' 
caloric to compensate for the loss they undergo ; 
for, suppose the black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 
200 ; yet if the former radiate 800 , whilst the latter 
radiates only 400 , the black canister will be the 
6rst cooled down to the temperature of the room. 
But from the moment the equilibrium of tempera- 
ture has taken place, the black canister, both re- 
ceiving and giving out 400 rays, and the metallic 
one 200 , no change of temperature will take place. 

EMILY. 

I now understand it extremely well. But what 
becomes of the surplus of calorific rays, whicli good 
radiators emit and bad radiators refuse to receive : 
they must wander about in search of a resting- 
place ? 

MRS. B. 

They really do so ; for they are rejected and sent 
back, or, in other words, rejiected by the bodies 
which are bad radiators of caloric ; and they are 
thus transmitted to other bodies which happen to 
lie in tlieir way, by which they are either absorbed 
or again reflected, according as the property of re- 
flection or that of absorption, predominates in these 
bodies. 

CAROLINE. 

1 do not well understand the difference between 
n^iating and reflecting caloric ; for the caloric that 
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is reflected from a body proceeds from it in straight 
Knes, and may surely be said to radiate from it. 

MRS. B. 

It is true that there at first appears to be a great 
analogy between radiation and r^ection^ as they 
equally convey the idea of the transmission of 
ealoric. 

But if you consider a little, you w ill perceive tliat 
when a body radiates caloric, tlie heat which it 
emits not only proceeds from, but has its origin in 
the body itself. Whilst, when a body reflects calo- 
ric, it parts with none of its own caloric, but only 
reflects that which it receives from other bodies. 

EMILY. 

Of’ this difference we have very striking examples 
before us, in the tin vessel of water, and the con- 
cave mirrors ; the first roiliates its own heat, thi 
latter reflects the heat which Uiey receive from other 
bodies. 


CAROLINE. 

Now, that I understand the difference, it no 
longer surprises me that bodies which radiate, or 
part with their own caloric freely, should not liave 
the power of transmitting with equal fiicility that 
which they receive from other bodies. 

EMILY. 

Yet no body can be said to possess caloric of its 
own, if all caloiic is originally derived from the 

#ttn. 
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MRS. B. 

When I speak of a body radiating its own calo- 
ric, I mean that which it has absorbed and incor- 
porated either immediately from the sun’s rays, or 
through the medium of any other substance. 

CAROLINE. 

It seems natural enough that the power of ab- 
sorption should be in opposition to that of reflec- 
tion, for the more caloric a body receives, the less 
it will reject. 

EMILY. 

And equally so that the power of radiation 
should oorrespond with that (d* absorption. It is in 
fact, cause and efiect; for a body cannot radiate 
heat without having previously absorbed it; just as 
a spring that is well fed flows abundantly. 

MRS. B. 

Fluids are in general very bad radiators of calo- 
ric ; and air neither radiates nor absorbs caloric in 
any sensible degree. 

Wc have not yet concluded our observations on 
free caloric But I sbnll defer, till our next meet- 
ing, what I have farther to say on this subject I 
believe it will afford us ample conversation for 
another interview. 
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CONTINUATION OF THE SUBJECT. 


MRS. B. 

In onr last conversation, we began to examine the 
tendency of caloric to restore an equilibrium of 
temj>erature. This property when once well under- 
stood, affords the explanation of a great variety of 
facts which appeared formerly unaccountable. You 
must observe, in the first place, that the effect of 
this tendency is gradually to bring all bodies that 
are in contact to the same temperature. Thus, 
the fire which burns in the grate, communicates its 
heat from one object to another, till every part of 
the room has an equal proportion of it. 

EMILY. 

And yet this book is not so cold as the table on 
which it lies, though both are at an equal distance 
from the fire, and actually in contact with each 
other, so that, according to your theory, they should 
be exactly of the same temperature. 

CAROLINE. 

And the hearth, which ia much nearer the fire 
than the carpet, is certainly the colder of the two. 
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MRS. B. 

If you ascertain the temperature of these several 
bodies by a thermometer (which is a much more 
accurate test than your feeling), you will find that 
it is exactly the same. 

CAROLINE. 

But if they are of the same temperature, why 
should the one feel colder than the other ? 

MRS. B. 

Tile hearth and the table feel colder than the 
cai'pet or the book, because the latter are not such 
good conductot s of heat as the former. Caloric 
finds a more easy passage through marble and 
wood, than through leather and w'orsted ; the two 
former will therefore absorb heat more rapidly from 
your hand, and consequently give it a stronger sen- 
sation of cold than the two latter, although tliey 
are all of them really of the same temperature. 

CAROLINE. 

So, then, the sensation I feel on touching a cold 
body, is in proportion to the rapidity with which 
my hand yields its heat to that body. 

MRS. B. 

Precisely ; and, if you lay your hand successively 
on every object in the room you will discover 
which are good, and which are bad conductors 
of heat, by the different degrees of cold you fi^l. 
But, in order to ascertain this point, it is necessary 
that the several substances diould be of the same 
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temperature, which will not be the case with those 
that are very near the fire, or those that are exposed 
to a current of cold air from a window or door. 

EMILY. 

' But what is the reason that some bodies are 
better conductors of heat than others ? 

MRS. B. 

This is a point not well ascertained. It has been 
conjectured that a certain union or adherence takes 
place between the caloric and the particles of the 
body through which it passes. If this adherence 
be strong, the body detains the heat, and parts 
with it slowly and reluctantly ; if slight, it propa* 
gates it freely and rapidly. The conducting power 
of a body is therefore, inversely, as its tendency to 
unite with caloric. 

EMILY. 

That is to say, that the best conductors are those 
that have tlie least affinity for caloric. 

MRS. B. 

Yes; but the term affinity is objectionable in 
this case, because, as that word is used to express 
a chemical attraction (which can be destroyetl only 
by decomposition), it cannot be applicable to tlie 
slight and transient union that tak^ place between 
free caloric and the bodies through which it passes; 
an union which is so weak, that it constantly yields 
to the tendency which caloric has to an eqqUifarioiii. 
^ow you dearly understand, that the passage of 
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caloric, through bodies that are good conductors, 
is much more rapid than through dtose that are 
bad conductors, and that the former both give and 
receive it more quickly, and therefore, in a given 
time, more abundantly, than bad conductors, which 
makes them feel either hotter or colder, though they 
may be, in fact, both of the same temperature. 

CAROLINE. 

Yes, I understand it now; the table, and the 
book lying upon it, being really of the same tem- 
perature, would each receive, in the same space 
of time, the same quantity of heat from my band, 
were their conducting powers equal ; but as the 
table is the best conductor of the two, it will ab- 
sorb the heat from my baud more rapidly, and con- 
sequently produce a stronger sensation of cold than 
the book. 

MRS. B. 

Very well, ray dear ; and observe, likewise, that 
if you were to heat the table and the book an equal 
number of degrees above the teniperature of your 
body, the table, which before felt the colder, would 
now feel the hotter of the two ; for as in the first 
case it took the Ireat most rapidly from your band, 
so it will now impart heat most rapidly to it. 
Thus the marble table, wliich seems to us colder 
than the mahogany one, will prove the hotter of 
the two to' the ice : for, if it takes heat more rapidly 
from our hands, which are warmer, it will give oiit 
heat more rapidly to the icc, which is colder. Do 
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you understand ^(heTeason of these apparentiy op« 
posite eficcts ? 

Perfectly* A body which is a good conducteir 
of caloric, affords it a free passage; so that^it 
penetrates throi^ that body more rapidly tban 
through one which is a bad conductor : and, con- 
sequently, if it is colder than your hand, you lose 
more caloric, and if ‘it is hotter, you gain more than 
with a bad conductor of the same temperature. 

MUS, B. 

But you must observe that this is the case only 
when the conductors are either hotter or colder 
than your hand ; lor, if you heat different con- 
ductors to the temperature of your body, they Will 
all feel equally warm, since the exchange of caloric 
betweeh bbdies of the same temperature is equal. 
Now, ' ean you tell tne why flannel clothing, which 
is a vetjr b^d conductor of heat, prevents our feel- 
ing cold? 

CAROLINE. 

It prevents the cold from penetrating 


But you forget that cold is only a negative 
quality. 

TriitJ; If only prevents the heat of our bodies 
from escaping so rapidly as it would otherwise do. 

MRS. B. 

Now ybti expiained k right ,- the flannel 
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rather keeps in the heat, than keeps out the CoTd.^ 
Were the atmosphere of a higher temperature than' 
our bodies, it would be equally efficacious in keep- 
ing their temperature at tlie same degree, as it 
would prevent the free access of the external heat, 
by the difficulty with which it conducts it. 

EMILY. 

This, I think, is very clear. Heat, whether ex- 
ternal or internal, cannot easily penetrate flannel ; 
therefore in cold weather it keeps us warm, and if 
the weather were hotter than our bodies, it would 
keep us cool ? 

MRS. B. 

The most dense bodies are, generally speaking,^ 
the best conductors of heat ; probably because the 
denser the body, the greater are the number of 
points or particles that come in contact with caloric. 
At the common temperature of the atmosphere a 
piece of meUil will feel much colder than a piece 
of wood, and the latter than a piece of woollen 
cloth ; this again will feel colder than flannel ; and 
down, which is one of the lightest, is at the same 
time one of the warmest bodies. 

CAROLINE. 

This is, I suppose, the reason that the plumage 
of birds preserves theni so effectually from the ia- 
fluence of cold in winter? 

MBS. B. 

thoof^ fea^rs in generui are an ex- 

VOL. I. E 
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cellent preservative against cold, down is a kind of 
plumage peculiar to aquatic birds, and covers their 
chest, which is the part most exposed to the water; 
for though the surface of the water is not of a lower 
temperature than the atmosphere, yet, as it is a 
better conductor of heat, it feels much colder, con- 
sequently the chest of the bird requires a warmer 
covering than any other part of its body. Besides, 
the breasts of aquatic birds are exposed to cold, not 
only from the temperature of the water, but also 
fi'om the velocity with which the breast of the bird 
strikes against it ; and likewise from the rapid eva- 
poration occasioned in that part, by the air against 
which it strikes, after it has been moistened by dip- 
ping from time to time into the water. 

If you hold a finger of one hand motionless in a 
glass of water, and at the same time move a finger 
of the other hand swiftly through water of the same 
temperature, a different sensation will be soon per- 
ceived in the different fingers. 

Most animal substances, especially those which 
Providence has assigned as a covering for animals, 
such as fur, wool, hair, skin, &c., are bad con- 
ductors of heat, and are, on that account, such 
excellent preservatives against the inclemency of 
winter, that our warmest apparel is made of these 
materials. 

¥ 

EMILY. 

Wood is, I dare say, not so good a conductor as 
metal; and it is for that reason, no doubt, that 
silver teapots have always wooden handles? 
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MRS. B* 

Yes ; and it is the facility with which metals con- 
duct caloric that made you suppose that a silver pot 
radiated more caloric than an earthen one. The 
silver pot is in fact hotter to the hand when in con- 
tact with it ; but it is because its conducting power 
more than counterbalances its deficiency in regard 
to radiation. 

We have observed that the most dense bodies 
are in general the best conductors; and metals, 
you know, are of that class. Porous bodies, such 
as the earths and wood, are worse conductors, 
chiefly, I believe, on account of their pores being 
filled with air : for air is a remarkably bad con- 
ductor. 


CAROLINE. 

It is a very fortunate circumstance that air should 
be a bad conductor, as it tends to preserve the heat 
of the body when exposed to cold weather. 


MRS. B. 

It 18 one of the many benevolent dispensations of 
Providence, in order to soften the inclemency of the 
seasons, and to render almost all climates habitable 
to man. 

In fluids of different densities, the power of con- 
ducting heat varies no less remarkably ; if yot^ dip 
your hand into this vessel full of mercury, you will 
scarcely conceive that its temperature is not lower 
than that of the atmosphere. 

£ 2 
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CAROLINE. 

Indeed I know not how to believe it, it feebr so 
extremely cold. — But we may easily ascertwn its 
true temperature by the thermometer.— It is really 
not colder than the air ; — ^the apparent difference, 
then, is produced merely by the difference of the 
conducting power in mercury and in air. 

MRS. B. 

Yes ; hence you may judge how little the sense 
of feeling is to be relied on as a test of the tem- 
perature of bodies, and how necessary a thermo- 
meter is for that purpose. 

It has indeed been doubted whether fluids have 
the power of conducting caloric in the same man- 
ner as solid bodies. Ck)unt Rumford, a very few 
years since, attempted to prove, by a variety of 
experiments, that fluids, when at rest, were not at 
all endowed with this property. 

CAROLIN^. 

How is that possible, since they are capable of 
imparting cold or heat to us ; for if they did not 
conduct heat, they would neitlier take it fVom, nor 
give it to us ? 

MRS. B. 

Count Rumford did not mean to say that fluids 
would not communicate tlieir heat to solid bodies ; 
but only that heat does not pervade fluids, that is to 
say, is not transmitted from one particle of a fluid to 
aiK>ther, in the same manner as in solid bodies* 



FREE CALORIC. 


77 


EMILY. 

But when you heat a vessel of water over the 
fire, if the particles of water do not communicate 
heat to each other, how does the water become hot 
throughout? 

MRS. B. 

By constant agitation. Water, as you have 
seen, expands by heat in the same manner as solid 
bodies; the heated particles of water, therefore, 
at the bottom of the vessel becomes specifically 
lighter than the rest of the liquid, and conse- 
quently ascend to the surface, where, parting with 
some of their heat to the colder atmosphere, they 
are condensed, and give way to a fresh succession 
of heated particles ascending from the bottom, 
which having thrown off their heat at the surface, 
are in their turn displaced. Thus every particle 
is successively heated at the bottom, and cooled at 
the surface of the liquid ; but as the fire commu- 
nicates heat more rapidly than the atmosphere cools 
the succession of sur&ces, the whole of the liquid 
in time becomes heated. 

CAROLINE. 

This accounts most ingeniously for the propa- 
gation of heat upwards. But suppose you were 
to heat the upper surface of a liquid, the particles, 
being specifically lighter than those below, could 
not descend: how therefore would the heat be 
communicated downwards ? 
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MRS. B. 

If there were no agitation to force the heated 
surface downwards. Count Rumford assures us that 
the heat would not descend. In proof of this he 
succeeded in making the upper surface of a vessel 
of water boil and evaporate, while a cake of ice 
remained frozen at the bottom. 

CAROLINE. 

That is very extraordinary indeed ! 

MRS. B. 

It appears so, because we are not accustomed to 
heat liquids by their upper surface ; but you will 
understand this theory better if I show you the in- 
ternal motion that takes place in liquids when they 
experience a change of temperature. The motion 
of the liquid itself is indeed invisible from the ex- 
treme minuteness of its particles ; but if you mix 
with it any coloured dust, or powder, of nearly 
the same specific gravity as the liquid, you may 
judge of the internal motion of the latter by that 
of the coloured dust it contains. — Do you see the 
small pieces of amber moving about in the liquid 
contained in this phial ? 

CAROLINE. 

Yes, pp-fectly. 

MRS. B. 

We shall now immerse the phial in a glass oi 
hot water, and the motion of the liquid will be 
shown by that which it communicates to the amber. 
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EMILY. 

I see two currents, the one rising along the sides 
of the phial, the other descending in the centre ; but 
I do not understand tlie reason of this. 

MRS. B. 

The hot water communicates its caloric, through 
the medium of the phial, to tlie particles of the 
fluid nearest to the glass ; these dilate and ascend 
laterally to the surface, where, in parting with their 
heat, they are condensed, and in descending, form 
the central current. 

CAROLINE. 

This is indeed a very clear and satisfactory ex- 
periment ; but how much slower the currents now 
move than tliey did at first ? 

MRS. B. 

It is because the circulation of particles have 
nearly produced an equilibrium of temperature be- 
tween the liquid in the glass and that in the phial. 

CAROLINE. 

But these communicate laterally, and I thought 
that heat in liquids could be propagated only up- 
wards. 

MRS. B. 

You do not take notice that the heat is imparted 
from one liquid to the other, through the medium 
of the phial itself, the exteraal surface of which 
receives the heat from the water in the glass, whilst 
its internal surface transmits it to the liquid it con* 
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tains. Now take the phial out of the hot water, 
.and observe the eiSect of its cooling. , 

EMILY. 

The currents are reversed; the external cur- 
rent now descends, and the internal one rises. — I 
guess the reason of this change : — the phial being 
in contact witli cold air instead of hot water, the ex- 
ternal particles are cooletl instead of being heated ; 
they therefore descend and force up the central 
particles, wliich, being warmer, are consequently 
lighter. 

MRS. B. 

It is just so. Count Ilumford hence infers, that 
no alteration of temperature can take place in a 
fluid, without an internal motion of its particles ; 
and as this motion is produced only by the com- 
parative levity of the heated particles, heat cannot 
be propagated downwards. 

But though I believe that Count Rumford’s 
theory as to heat being incapable of pervading 
fluids is not strictly correct, yet there is, no doubt, 
much truth in his observation, that the commu- 
nication is materially promoted by a motion of the 
parts ; and this accounts for the cold that is found 
to prevail at the bottom of the lakes in Switzerland, 
which are fed by rivers issuing from the snowy 
Alps. The water of these rivers being colder, and 
therefore more dense than that of tlie lakes, sub- 
sides to the bottom, where it cannot be affected by 
the warmer temperature of the surface; the motion 
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of the waves may commuiilcdteB thfe to 

some little depth, but it con descend no fdifther than 
the agitation extends. 

EMILY. 

But when the atmosphere is cblder than the lake, 
the colder surface of the water will descend, for the 
very reason that the warmer will not. 

MRS. B. 

Certainly ; and it is on this account that neither 
a lake, nor any body of water whatever, can be 
frozen until every particle of the water has risen to 
the surface to give off its caloric to the colder at- 
mosphere; therefore the deeper a body of water 
is, the longer will be the tinie it teqilifes tb be 
frozen, ** 

EMILY. 

But if the temperature of the whole body of 
water be brought down to the freezing ppint, i^hy 
is only the surface frozen ? 

MRS. B. , < 

The temperature of the whole body is lowered, 
but not to the freezing point The diminatidn ot' 
heat, as you know, produces a contraction in the 
bulk of fluids, as well as of solids. Thfs effect, 
however, does not (odce place in water belo# the 
temperature of 40 degrees, whioh is Sldegzp^ 
above the freezing point At that tempemUtre, 
therefore, the inteeiud nMtfon, cccaeioiMd 
increased speeific gravity 
E 3 
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tides, ceases ; for when the water at the surface no 
longer condenses, it will no longer descend, and 
leave a fresh surface exposed to the atmosphere : 
this surface alone, therefore, will be further exposed 
to its severity, and will soon be brought down to the 
freezing point, when it becomes ice, which being a 
bad conductor of heat preserves the water beneath 
a long time from being affected by the external cold. 

CAROLINE. 

And the sea does not freeze, I suppose, because 
its depth is so great, that a frost never lasts long 
enough to bring down the temperature of such a 
great body of water to 40 degrees ? 

MRS. B. 

That is one reason why the sea, as a large mass 
of water, does not freeze. But, independently of 
this, salt water does not freeze till it is cooled 
much below 32 degrees, and with respect to the 
law of condensation, salt water is an exception, 
as it condenses even many degrees below the 
freezing point. When the caloric of fresh water, 
therefore, is imprisoned by the ice on its surface, 
the ocean still continues throwing offbeat into the 
atmosphere, which is a most signal dispensation of* 
Providence to moderate the intensity of the cold in 
winter. 

CAROLINE. 

This theory of the non-conducting power of 
liquids, does not, 1 suppose, hold good wi^ respect 
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to air, otherwise the atmosphere would not be 
heated by the rays of tlie sun passing through it ? 

MRS. B. 

Nor is it heated in that way. The pure atmo- 
sphere is a perfectly transparent medium, which 
neither radiates, absorbs, nor conducts caloric, but 
transmits the rays of the sun to us without in any 
way diminishing their intensity. The air is there- 
fore not more heated, by the sun’s rays passing 
through it, than diamond, glass, water, or any otlier 
transparent medium. 

CAROLINE. 

That is very extraordinary ! Are glass windows 
not heated then by the sun shining on them ? 

MRS. B. 

No ; not if the glass be perfectly transparent. 
A most convincing proof that glass transmits the 
rays of the sun without being heated by them is 
afforded by the burning lens, which by converging 
the rays to a focus will set combustible bodies on 
fire, without its own temperature being raised, 

EMILY. 

Yet, Mrs. B., if I hold a piece of glass near the 
fire, it is almost immediately warmed by it ; the 
glass therefore must retain some of the caloric 
radiated by the fire? Is it that the solar rays 
alone pass freely through glass without paying 
tribute ? It seems unaccountable that the radiation 
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of a common fire should iiare power to do what 
the snap’s raj^caiiQQtaccoimplisb*^^ 

' ' Iwn's. B. 

^ It is not b^use the rays from the fire have 
more power, but rather because they have less, 
that they heat glass and other transparent bodies. 
It is true, however, that as you approach the source 
of heat the rays being nearer each* other, the heat 
is more condensed, and can produce effects of 
which the solar rays, from the great distance of* 
their source, are incapable. Thus we should find 
it impossible to roast a joint of meat by the slinks 
rays, though it is so easily done by culinary heat. 
Yet caloric emanated from burning bodies, which 
is commonly called culinary heaty has neither the 
intensity nor the velocity of solar rays. All caloric, 
we have said, is supposed to proceed originally 
from the sun ; but after having been incorporated 
with terrestrial bodies, and again given out by 
them, though its nature is not essentially altered, 
it retains neither the intensity nor the velocity with 
which it first emanated from that luminary ; it has 
therefore not the power of passing through trans- 
parent mediums, such as glass and water, without 
being partially retained by those bodies. 

EMILY. 

I recollect that in the experiment on the reflec- 
tion of heat, the glass skreen w^hich you interposed 
between the burning taper and the mirror arrested 
the rays of caloric, and suffered only tliose of light 
to pass through it. 



Glass windows^ th^ 

heated by the sun shining on them, may be heate^ 
internally by a fire in the rppm Bilt#^ 
since the atmosphere is not warmed hy 
rays passing through itj hc^w d<^ it ? 

for all the fires that are burniij^g 
the earth would contribute vqry , little, taw*|ds 
warming it. , , - 

EMILY. , , 

The radiation of heat is not confined to burnhig 
bodies ; for all bodies, you know, have that pro- 
perty ; therefore, not only xevery thing upon the 
surface of the earth, but the earth itselli must ra- 
diate heat ; and this terrestrial caloric, not having, 
1 suppose, sufficient power to traverse the atmo- 
sphere, communicates heat to it. 

MRS. B. 

Your inference is extremely well drawn, Emily ; 
but the foundation on which it rests is not sound ; 
for the fact is, that terrestrial or culinary heat, 
though it cannot pass through the denser trans- 
parent mediums, such as glass or water, without 
loss, traverses the atmosphere completely : so that 
all the heat which the earth radiates, unless it 
meet with clouds or any foreign body to intercept 
its passage, passes into the distant regions of the 
universe. 

CAROLINE. 

What a pity that so much heat should be 
wasted ! 



nn cALOfttc. 




MBS. B4 

Brfore 3^011 are tempted to object to any laiv 
of nature, reflect whether it may not prove to be 
one of the numberless dispensations of Providence 
for our good. If all the heat which the earth has 
received from the sun since the creation had been 
accumulated in it, its temperature by this time 
would, no doubt, have been more elevated than 
any human being could have borne. 

CAROLINE. 

I spoke, indeed, very inconsiderately. But, 
Mrs. B., though the earth, at such a higli temper- 
ature, might have scorched our feet, we should 
always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the 
atmosphere. 

EMILY. 

The cool air would have afforded but very in- 
suflScient refreshment, whilst our bodies were ex- 
posed to the burning radiation of the earth. 

MRS. B. 

Nor should we have breathed a cool air ; for 
though it is true that heat is not communicated to 
the atmosphere by radiation, yet the air is warmed 
by contact with heated bodies, in the same manner 
as solids or liquids. The stratum of air which is 
immediately in contact with the earth is heated by 
it ; it becomes specifically lighter, and rises, making 
way for another stratum of air, which is, in its turn, 



heated and carried upwj^i 
cessiv© stratum of air is 
tect with the earth- You may perceive ^ 
in a sultry day, if ypu attentively obs6rye,|^,ft*^ 
of air near the surface of the earth : they 
in constant agitation ; for though it is true the JUr 
is itself invisible, yet the sun shining on theyapoiwa 
floating in it, render them visible, like the amter 
dust in the water. The temperature of the sor&ce 
of the earth is therefore the source from whence 
the atmosphere derives its heat, though it is Com- 
municated neither by radiation, nor transmitted 
from one particle of it to another by the conduct- 
ing power ; but every particle of air must come in 
contact with the earth, in order to receive heat 
from it. VI 

EMILY. 

Wind, then, by agitating the air, should con- 
tribute to cool the earth and warm the atmosphere, 
by bringing a more rapid succession of fresh strata 
of air in contact with the earth ? and yet in general 
wind feels cooler than still air. 

MRS. B. 

Because the agitation of the air carries off heat 
from the surface of our bodies more rapidly than 
still air, by occasioning a greater number of points 
of contact in a given time. 

EMILY. 

Since it is from the earth, and not the sun, that 
the atmosphere receives its heat, I no longer won- 
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der difift elevated regions abouid be eoider than 
plains and' valleys. It was always a jnbject^ of 
astonishment to me, that in ascending a moafttain 
and approaching the sun, the air became colder 
instead of being more heated. 

MRS. B. 

At the distance of about a hundred million of 
miles, which we are from the sun, the approach of 
a few thousand feet makes no sensible difference, 
whilst it produces a very considerable effect with 
regard to the warming the atmosphere at the sur- 
face of the earth. 

CAROLINE. 

Yet as the warm air arises from the earth, and 
the cold air descends to it, I should have supposed 
that heat would have accumulated in the upper 
regions of the atmosphere, and that we altouid 
have felt the air warmer as we ascended. 

MRS. B. 

The atmosphere, you know, diminishes in density, 
and consequently in weight, as.it is more distant 
from the earth : the warm air, therefore, rises only 
tM it meets with a stratum of air; of its own density ; 
and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been 
previously heated. The length of summer, even in 
warm climates, does not heat the sufficiently to 
melt the snow which has accumulated during the 
w'inter on very high mountains, ahbdttgh th^ are 
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almost oofrstandy exposed tb the beat of die suq’s 
rays, being too much elevated to be often enve- 
loped in clouds. 

E3IILY. 

These explanations are very satisfactory; but 
allow me to ask you one more question respecting 
the increased levity of heated liquids. You said 
that when water was heated over the fire, the par- 
ticles at the bottom of the vessel ascended as soon 
as heated, in consequence of tlieir sjiecific levity : 
why does not the same effect continue when the 
water boils, and is converted into steam ? and why 
does the steam rise from the surface, instead of the 
bottom of the liquid ? 

MRS. B. 

The steam or vapour does ascend from the bot- 
tom, though it seems to arise from the surface of 
the liquid. We shall boil some water in this 
Florence flask (Plate IV. fig. 1.) in order that 
you may be well acquainted with the process of 
ebullition; you will then see, through the glass, 
that the vapour rises in bubbles from the bottom. 
We shall make it boil by means of a lamp, which 
is more convenient for this purpose than the chim- 
ney fire. 

EMILY. 

I see some small bubbles ascend, and a great 
many appear all over die inside of the flask : does 
the water begin^to boil already ? 
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MRS. B. 

No : what you now see are bubbles of air, which 
were either dissolved in the water, or attached to 
the inner surface of the flask, and which, being ra- 
refied by the heat, ascend in the water. 

EMILY. 

But the heat which rarefies the air inclosed in 
the water, must rarefy the water at the same time ; 
therefore, if it could remain stationary in the water 
when both were cold, I do not understand why it 
should not when both are equally heated. 

MRS. B. 

Air being much less dense than water, is more 
easily rarefied ; the former, therefore, expands to 
a great extent, whilst the latter continues to occupy 
nearly the same space ; for water dilates compara- 
tively but very little without changing its state and 
becoming vapour. Now that the water in the flask 
begins to boil, observe what large bubbles rise from 
the bottom of it. 


EMILY. 

I see them perfectly; but I wonder that they 
have sufBcient power to force themselves through 
the water. 


CAROLINE. 

They must rise, you know, from their specific 
levily. 

MRS. B. 

, You are right, Caroline: but vapour has not in 
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all liquids (when brought to the degree of vapori- 
zation) the power of overcoming the pressure of 
the less heatetl surface. Metals, for instance, mer- 
cury excepted, evaporate only from the surface ; 
therefore no vapour will ascend from them till the 
degree of heat which is necessary to form it has 
reached the surface ; tliat is to say, till the whole of 
the liquid is brought to a state of ebullition. 

EMILY. 

I have observed that steam, immediately issuing 
from the spout of a tea-kettle, is less visible than at 
a further distance from it; yet it must be more 
dense when it first evaporates, than when it begins 
to diffuse itself in the air. 

Mils. B. 

When the steam is first formed, it is so perfectly 
dissolved by caloric, as to be invisible. In order, 
however, to understand this, it will be necessary for 
me to enter into some explanation respecting tlie 
nature of solution. Solution takes place when- 
ever a body is melted in a fluid. In this operation 
the body is reduced to such a minute state of di- 
vision by the fluid, as to become invisible in it, and 
to partake of its fluidity ; but in common solutions 
this happens without any decomposition, the body 
being only divided into its integrant particles by 
the fluid ill which it is melted. 

CAROLINE. ^ 

It is, then, a mode of destroying the attraction 
of aggregation ? 
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MRS. B. 

Undoubtedly. — ^The two principal solvent fluids 
BXt water and caloric. You may have observed 
that if you melt salt in water it totally disappears, 
and the water remains clear and transparent as be- 
fore; yet though the union of these two bodies ap- 
pears so perfect, it is not produced by any chemi- 
cal combination : both the salt and the water re- 
main unchanged ; and if you were to separate them 
by evaporating the latter, you would find the salt 
in the same state as before. 

EMXLV. 

I suppose tliat water is a solvent for solid bodies 
and caloric for liquids ? 

MRS. B. 

Liquids of course can only be converted into va- 
pour by caloric. But tlie solvent power of this 
agent is not at all confined to that class of bodies ; 
a great variety of solid substances are dissolved by 
heat; thus metals, which are insoluble in water, 
can be dissolved by intense heat, being first fused 
or converted into a liquid, and then rarefied into 
an invisible vapour. Many other bodies, such as 
salt, gums, &c. yield to either of these solvents. 

CAROLINE. 

And that, no doubt, is the reason why hot water 
will melt them so much better than cold water ? 

MRS. B. 

It is so. Caloric may indeed be considered as 
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having, in every instance, some share in the solu- 
tion of a body by water, since water, hpwey^ 
its temperature may be, always contains more or 
less caloric. 


EMILY. 

Then perhaps water owes its solvent power 
merely to the caloric contained in it ? 

MRS. B. 

That, probably, would be carrying the specula- 
tion too far ; I should rather think that water and 
caloric unite their efforts to dissolve a body, and 
tliat the difficulty or facility of effecting this, depend 
l)oth on the degree of attraction of aggregation to 
be overcome, and on the arrangement of the par- 
ticles, which are more or less disposed lobe divided 
and penetrated by the solvent. 

EMILY. 

But have not all liquids the same solvent power 
as water? 


The solvent power of other liquids varies accord- 
ing to their nature, and that of the substances sub- 
mitted to their action. Most of these solvents, in- 
deed, differ essentially from w^ater, as they do not 
merely separate the integrant particles of the bodies 
which they dissolve, but attack their constituent 
principles by the pow er of chemical attraction, thus 
producing a true decomposition. These more 
complicated operations we must consider in another 
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placC) and confine our attention at present to the 
solutions by water and caloric. 

CAROLINE. 

But there are a variety of substances which, 
when dissolved in water, make it thick and mudd\% 
and destroy its transparency. 

MRS. B. 

In this case it is not a solution, but simply a mix- 
ture. I shall show you tlie difference between a 
solution and a mixture, by putting some common 
salt into one glass of water, and some powder of 
chalk into anotlier; both these substances are 
white, but their effect on the water will be very 
different. 

CAROUNE. 

Very different, indeed ! The salt entirely disap- 
pears and leaves the winter transparent, whilst the 
chalk changes it into an opaque liquid like milk. 

EMILY. 

And would lumps of chalk and salt produce 
similar effects on water ? 

MRS. B. 

Yes, but not so rapidly: salt is, indeed, soon 
melted though in a lump ; but chalk, which does 
not mix so readily with water, would require a 
much greater length of time; I therefore pre- 
ferred shewing you the experiment with both sub- 
stances reduced to powder, wdiich does not in any 
respect alter their nature, but facilitates the ope- 
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ration merely by presenting a greater quantity of 
surface to the water. 

I must not forget to mention a very curious cir- 
cumstance respecting solutions, which is, that a fluid 
is not nearly so much increased in bulk by holding 
a body in solution, as it would by mere mixture 
with the body. 

CAROLINE. 

How is that possible ; for two bodies cannot 
exist together in the same space ? 

MRS. B. 

Two bodies may, by condensation, occupy less 
space when in union than when separate, and this 
1 can shew you by an easy experiment. 

This phial, which contains some salt, I shall All 
with water, pouring it in quickly, so as not to dis- 
solve much of the salt ; and when it is quite full I 
cork it. — If I now shake the phial till the salt is 
dissolved, you will observe that it is no longer full. 

CAROLINE. 

I shall try to add a little more salt. — But now, 
you see, Mrs. B., the water runs over. 

MRS. B. 

Yes ; but observe that the last quantity of salt 
you put in remains solid at the bottom, and dis- 
places the water ; for it has already melted all the 
salt it is capable of holding in solution. This is 
called the point of saturation ; and the water in 
this case is said to be saturated with salt. 
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EMILY. 

I think I now understand the solution of a solid 
body by water perfectly : but I have not so clear an 
idea of a solution of a liquid by caloric. 


MRS. B. 

It is probably of a similar nature ; but as caloric 
is an invisible fluid, its action as a solvent is not so 
obvious as that of water. Caloric, we may con- 
ceive, dissolves water, and converts it into vapour 
by the same process as water dissolves salt ; that is 
to say, the particles of water are so minutely di- 
vided by the caloric as to become invisible. Thus, 
you are now enabled to understand why the vapour 
of boiling water, when it first issues from the spout 
of a kettle, is invisible ; it is so, because it is then 
completely dissolved by caloric. But the air witli 
which it comes in contact, being much colder than 
the vapour, the latter yields to it a quantity of its 
caloric. The particles of vapour being thus in a 
great measure deprived of their solvent, gradually 
collect, and become visible in the form of steam, 
Which is water in a state of imperfect solution ; and 
if you were further to deprive it of its caloric, it 
would return to its original liquid state. 

CAROLINE. 

Tliat I understand very well. If you hold a cold 
plate over a tea-urn, the steam issuing from it will 
^ immediately converted into drops of water by 
parting with its caloric to tlie plate ; but in what 
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state is the steam, when it becomes invisible by be* 
ing diffused in the air ? 

MRS. B. 

It is not merely diffused, but is again dissolved 
by the air. 

EMILY. 

The air, then, has a solvent power, like water 
and caloric ? 

MRS. B. 

This was formerly believed to be the case. But 
it appears from more recent enquiries that the sol- 
vent power of the atmosphere depends solely upon 
the caloric contained in it. Sometimes the watery 
vapour diffused in the atmosphere is but imper- 
fectly dissolved, as is the case in the formation of 
clouds and fogs ; but if it get into a region suffi- 
ciently warm it becomes perfectly invisible. 

EMILY. 

Can any water be dissolved in the atmosphere 
without having been previously converted into va- 
pour by boiling ? 

MRS. B. 

Unquestionably : and this constitutes the differ- 
ence between vaporization and evaporation. Water, 
when heated to the boiling point, can no longer 
exist in the form of water, and must necessarily be 
converted into vapour or steam, whatever may%e 
the state and temperature of the sarrotinding me- 
diamf thiais aikd vi^onzatiom ^ But'the acmd- 

VOL. I. F 
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i^phere by means of the caloric it contains^ can take 
up a certain portion of water at any temperatare, 
and hold it in a state of solution. This is simply 
evaporation. Thus the atmosphere is continually 
carrying off moisture from the surface of tlie earth, 
until it is saturated with it. 

CAROLINE. 

That is the case, no doubt, when we feel the at- 
mosphere damp. 

MRS. B. 

On the contrary, when the moisture is well dis- 
solved it occasions no humidity : it is only when 
in a state of imperfect solution and floating^ in the 
atmosphere, in the form of watery vapour, that it 
produces dampness. This happens more fre- 
quently in winter than in summer ; for the lower 
the temperature of the atmosphere, the less water 
it can dissolve ; and in reality it never contains so 
much moisture as in a dry hot summer’s day. 

CAROLINE. 

You astonish me ! But why, then, is the air so 
dry in frosty weather, when its temperature is at the 
lowest ? 

EMILY. 

Tliis, I conjecture, proceeds not so much from 
the moisture being dissolved, as from its being 
frozen ; is not that the case ? 

It and the Ireerio^ of tJic vralfeiy vapour 
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which the atmospheric heat could not dissolve, 
produces what is called a hoar frost; for the 
particles descend in freezing, and attach themselves 
to whatever they meet with on the surface of the 
earth. 

The tendency of free caloric to an equilibrium, 
together with its solvent power, are likewise con- 
nected with the phenomena of rain, of dew, &c. 
When moist air of a certain temperature happens 
to pass through a colder region of the atmosphere, 
it parts with a portion of its heat to the surround- 
ing air ; the quantity of caloric, therefore, which 
served to keep the water in a state of vapour, 
being diminished, the watery particles approach 
each other, and form themselves into drops of 
water, which, being heavier than the atmosphere, 
descend to the eartli. There are also other cir- 
cumstances, and particularly the variation in the 
weight of the atmosphere, the changes which take 
place in its electrical state, &c., which may contri- 
bute to the formation of rain. This, however, is 
an intricate subject, into which we cannot more 
fully enter at present. 

EMILY, 

In what manner do you account for the form- 
ation of dew ? 

MRS. B. 

Dew is a deposition of watery particles or minute 
drc^ from the atmoqihere, precipitated by the 
coolness of she owning* 

F 2 
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lliis ^ecJpilEtion is owiug^ I suppose^ to the 
cooling of the fttmospher^f, which prevents its retain- 
ing so great a quantity of watery vapour in solution 
as it does during the heat of the day. 

MBS. B. 

Such was, from time immenK>rial, the generally 
received opinion respecting jthe cause of dew; but 
it has been very recently proved by a course of 
ingenious experiments of Dr. M'ells, that the depo- 
sition of dew is produced by the cooling of the sur- 
face of the earth, which he has shown to take place 
previously to the cooling of the atmosphere ; for on 
examining the temperatinfo^pf a plot of grass just 
before tlie dew-fall, he fout^l that it was considerably 
colder than the air a few feet above it, from which 
the dew was shortly after precipitated. 

EMILY. ^ 

But why should the earth cool in the evening 
sooner than the atmosphere ? 

MRS. B. 

Because it parts with its heat more readily than 
the air ; tlie earth is an excellent t^diator of caloric, 
wliJlst the atnK)sphere not possess that pro- 
perty, at least in any sepsftjle degree. Towards 
evening, therefore, when the solar heat declines, 
and when after sun-set il^entirely ceases, the earth 
vapidly pocklsiiiy; radiating sWes; 
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but by coming into contact witli the cooled surface 
of the earth, to which it communicates its caloric. 
Its solvent (K>wer being thus reduced, it is unable 
to retain so large a portion of watery vapour, and 
deposits those pearly drops which we call dew% 

EMILY. 

If this be the cause of dew, we need not be appre- 
hensive of receiving any injury from it ; for it can 
lie deposited only on surfaces that are colder than 
the atmosphere, which is never the case with our 
IkkIics. 

Mils. B. 

Very true ; yet I would not adv ise you for tins 
reason to be too confident of escaping all the ill 
effects which may arise from exposure to the dew ; 
for it may be deposited on your clothes, and chill 
you afterwards by its evaporation from them. 
Besides, whenever the dew is copious, there is a 
cliilliness in the atmosphere which it is not always 
safe to encounter. 

CAROLINE. 

Wind, then, should promote the deposition of 
dew, by bringing a more rapid succession of par- 
ticles of air in contact with the earth, just as it 
promotes the cooling of the earth and warming of 
the atmosphere during the heat of the day ? 

MRS* 8* 

This may be the case in ^me degree, provided 
jlie agitation of the air be not considerable ; for 
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when the wind is strong it is found that less dew is 
deposited than in calm weather, especiaUy if the 
atmosphere be loaded with clouds. These accumu* 
lations of moisture not only prevent the free radi- 
ation of the earth towards the upper regions, but 
themselves radiate towards the earth; for which 
reasons much less dew is formed than on fine clear 
nights, when the radiation of the earth passes with- 
out obstacle through the atmosphere to the distant 
regions of space, whence it receives no caloric in 
exchange. The dew continues to be deposited 
during the night, and is generally most abundant 
towards morning, when the contrast between the 
temperature of the earth and that of the air is great- 
est. After sunrise the equilibrium of temperature 
between these two bodies is gradually restored by 
the solar rays passing freely through the atmo« 
sphere to the earth ; and later in the morning the 
temperature of the earth gains the ascendancy, and 
gives out caloric to the air by contact, in the same 
manner as it receives it from the air during the 
night 

Qin you tell me, now, why a bottle of wine taken 
fresh from the cellar (in summer particularly), will 
iK>on be covered with dew; and even the glasses 
into which the wine is poured will be moistened 
with a similar vapour? 

XBilLT. 

The bottle being colder than the surrounding air, 
must absorb caloric from it ; the moisture, theirdbre. 
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which that air contained becomes visible, and forms 
the dew which is deposited on the bottle. 

MRS. B. 

Very well, Emily. Now, Caroline, can you in- 
form me why, in a warm room, or close carriage, 
the contrary effect takes place ; that is to say, that 
the inside of the windows is covered with vapour ? 

CAROLINE. 

I have heard that it proceeds from the breatli of 
those within the room or the carriage ; and I sup- 
pose it is occasioned by the windows which, being 
colder than the breath, deprive it of part of its 
caloric, and by this means convert it into watery 
vapour. 

MRS. B. 

You have both explained it extremely well. 
Bodies attract dew in proportion as they are good 
radiators of caloric, as it is this quality which reduces 
their temperature below that of the atmosphere; 
hence we find that little or no dew is deposited on 
rocks, sand, or water ; while grass and living vege- 
tables, to which it is so highly beneficial, attract it 
in abundance— another remarkable instance of the 
wise and bountiful dispensations of Providence. 

EMILY. ^ t 

And we may again obsei^e it in the abundance 
of dew in summer, and in hot climates, when its 
cool^ effects are so ynuch require4l blit l^doWt 
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understand wbat nati^al cause increases the dew in 
hot weather?^ ^ ,, 

/ - MRS. fi. 

The mere caloric the earth s^eceives during the 
day, the more it will radiate afterwards, and conse- 
quently the more rapidly its temperature will be 
reduced in the evening, in comparison to that of the 
atmosphere. In the West Indies, especially, where 
the intense heat of the day is strongly contrasted 
with the coolness of the evening, the dew is protli- 
giously abundant. During a drought, the dew is less 
plentiful, as the earth is not siifficieiitly supplied with 
moisture to be able to saturate this atmosphere. 

CAROLINE. 

I have often observed, Mrs. B. that when I walk 
ont in frosty weather, with a veil over my face, my 
breath freezes upon it. Pray what is the reason of 
that ? 

MRS. B. 

It is because the cold air immediately seizes on 
the caloric of your breath, and by robbing it of 
its solvent, reduces it to a denser fluid, which is 
the watery vapour that settles on your vejl, and 
there it continues parting with lis caloric t^l it is 
brought down to the temperature of^ the atmosphere, 
and assumes the form of ice. 

You may, perhaps, have observed that the breath 
pf animals, or rather the moisture coutaiped in it, 
is visible in damp weather, or during .a frost In 
the former case, the aUpo^here being oversatu* 
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rated with moisture, can dissolve no more. In the 
latter, the cold condenses it into visible vapour ; 
and for the same reason, the steam arising from 
water tliat is warmer tlian tlie atmosjihere, becomes 
visible. Have you never taken notice of tlie vapour 
rising from your hands after having dipped them 
into warm water ? 

CAROLINE. 

Frequently, especially in frosty weather. 

MRS. B. 

We have already observed tliat j)ressure is an 
obstacle to evaporation : there are liquids which 
contain so great a quantity of caloric, and whose 
particles consequently adhere so slightly together, 
that they may be rapidly converted into vapour 
without any elevation of temperature, merely by 
taking off the weight of the atmosphere. In such 
liquids, you perceive, it is the pressure of the atmo- 
sphere alone that connects their particles, and keeps 
them in a liquid state. 

CAROLINE. 

I do not well understand why the particles of 
such fluids should be disunited and converted into 
vapour, without any elevation of temperature, in 
spite of the attraction of cohesion. 

MRS. B. ' 

It is because the degree of heat at which we 
usually observe these fluids is suflHeiient to overcome 
attrairfr^ of ebbmoh. Ether fe of this de-- 
F 3 
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sciiption ; it will boil and be coverted into vapour, 
at the common temperature of the air, if the pres- 
etire of the atmosphere be taken off. 

EMILY. 

I thought that ether would evaporate without 
either the pressure of the atmosphere being taken 
away, or heat applied; and that it was for thatjr^ 
son so necessary to keep it carefully corked up ? 

MRS. B. 

It is true it will evaporate, but without ebulli- 
tion ; what I am now speaking of is the vaporiza- 
tion of ether, or its conversion into vapour by 
boilhig. I am going to show you how suddenly 
the ether in this phial will be converted into 
vapour, by means of the air-pump. — Observe with 
what rapidity the bubbles ascend, as I take off the 
pressure of the atmosphere. 

CAROLINE. ^ 

t 

It positively boils : how singular to see a liquid 
boil without heat ! 

<r 

MSS. B. 4 

Now I shall place the phpl of ether in th»: 
glass, which it nearly fits, so as to leave only a 
small i^MC^ wfaich».I fill widi inter ; and in this 
state I put it agtud^luider the remver. (l^bte IV. 
Fig. 1.*) You will observe, a^.mduHist the 

* l!%o |HMes of dun §laH tubMiMib^ atone ea4'||rigi>t 
aaswartkhpnipote better. IHie eaq i iitli iBi i l t heweiqviihsre 
4aicraMd,kdiftcidt,andreqairesavai:^niMa,pantaB. But 
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air from it, that the ether boils whilst the water 
freezes. 

CAEOUKE. 

It is indeed wonderful to see water freeze In 
contact with a boiling fluid ! 

EMILY. 

I am at a loss to conceive how the ether can pass 
to the state of vapour without an addition of ca- 
loric. Does it not contain more caloric in a state 
of vapour, than in a state of liquidity ? 

MRS. B. 

It certainly does ; for though it is the pressure 
of the atmosphere which condenses it into a liquid, 
it is by forcing out the caloric that belongs to it 
when in an aeriform state. 

EMILY. 

You have therefore two difficulties to explain, 
Mrs. B.— First, whence tlie ether obtains the ca- 
loric necessary to convert it into vapour when it is 
rdieved frotn the pressure of the atmosphere ; and, 
secondly, what is the reason. that the water, in 
which the bottle ether stands, is frozen ? 

if, instead of phials or tubes, two watch-glasses be used, water 
may be firoien almost kislaiitly in thesome maimer. The two 
passes are placed over one another, with a few drops of water 
interposed between them, and the uppermost glass is filled with 
ether. After working the pump for a minute, or two, the 
glassei are found to adhere stron^y together, and a thin layer 
of ioc is seen between them. 
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j.> . . . CAROLINE. 

^Now, I think, 1 can answer both these questions. 
The ether obtains the addition of caloric required, 
from the water in the glass ; and the loss of caloric, 
which the latter sustains, is the occasion of its 
freezing. 

MRS. B. 

You are perfectly right; and if you look at the 
thermometer which I have placed in the w^ater, 
whilst I am working the pump, you will see that 
every time bubbles of vapour are produced, the 
mercury descends ; which proves that the heat of 
the water diminishes in proportion as the ether 
boils. 

EMILY. 

This I understand now very well ; but if the 
water freezes in consequence of yielding its caloric 
to the ether, the equilibrium of heat must, in this 
case, be totally destroyed. Yet you have told us, 
that the exchange of caloric between two bodies of 
equal temperature, was always equal ; how, then, is 
it that the water, which was originally of the same 
temperature as the ether, gives out caloric to it, till 
the water is frozen, and the ether made to boil ? 

MRS. B. 

I suspected that you would make these objec- 
tions ; and ifi order to remove them, I encloseil 
two diermometers in the air pump ; one of which 
standa in the glass of water, the other in the phial 
of etherg and you may see that the equilibrium of 
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temperature is not destroyed ; for as the thermo- 
meter descends in the water, that in the ether sinks 
in the same manner; so that both thermometers 
indicate the same temperature, though one of them 
is in a boiling, the other in a freezing liquid. 

EMILY. 

The ether, then, becomes colder as it boils ? 
This is so^ contrary to common experience, that I 
confess it ^tonishes me exceedingly. 

CAROLINE. 

It is, indeed, a most extraordinary circumstance. 
But pray how do you account for it ? 

> MRS. B. 

I cannot satisfy your curiosity at present; for 
before we can attempt to explain this apparent pa- 
radox, it' i& ‘necessary to become acquainted with 
the subject df latent heat; and that, I think, we 
must defer till our next inter\»iew. 

f t' f -■ 

, ,, ^ CAROLINE. 

^ behevOi.Mr^f B., that you are glad to put oi!' 
explanation for it must be a very difficult 
point to aQCom}|;.fQn 

MRS. B. 

I hope, ^weyer, that I shall do it to your com- 
plete satisfaction. 

( ? EMILY. 

But before we part, give me leave to ask you one 
question, ii (Would not water, as well as ether, boil 
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with less heat, if deprived of the pressure of the at- 
mosphere? 

Mils. B. 

tindoubtedly. You must always recollect that 
there are two forces to overcome, in order to make 
a liquid boil or evaporate; the attraction of aggre- 
gation, and the weight of the atmosphere. On the 
summit of a high mountain (as M. De Saussure 
ascertained on Mount Blanc), much less heat is re- 
quired to make water boil, than in the plain, where 
the weight of the atmosphere is greater*. Indeed 
if the weight of the atmosphere be entirely removed 
by means of a good air-pump, and if water be 
placed in the exhausted receiver, it will evaporate 
so fast, however cold it may be, as to give it the 
iq^pearance of boiling from the surface. But with- 
out the assistance of the air-pump, 1 can show you 
a very pretty experiment, which proves the effect 
of the pressure of the atmosphere in this respect. 

Observe, that this Florence flask is about half 
full of water, and the upper half of invisible vapour, 
the water being in the act of boiling. — I take it 
from the lamp, and cork it carefully — the water, 
you see, immediately ceases boiling. — I shall now 
dip the flask into a bason of cold water f. 

* On the top of Mount Blanc, water boiled when heated 
only to 187 degrees, instead of 21 2 degrees. 

*f* The same effect may be produced by wrapping a cold 
wet linen cloth round the upper part of the flask. In order 
|o show how mudi the water cook whilst it is boiliiig, a 
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Bat look, Mrs. B., the hot water begins to boil 
again ; although the cold water must rob it more 
and more of its caloric ! What can be the reason 
of that? 


MRS. B. 

Let us examine its temperature. You see the 
thermometer immersed in it remains stationary at 
180 degrees, which is about SO degrees below the 
boiling point. When I took the flask from the 
lamp, I observed to you that the upper part of it 
was filled with vapour; this being compelled to 
yield its caloric to the cold water, was again con- 
densed into water. — What, then, filled the upper 
part of the flask ? 

EMILY. 

Nothing ; for it was too well corked for the air 
to gain admittance, and therefore the upper part of 
the flask must be a vacuum. 

MRS. B. 

The water below, therefore, no longer sustains 
the pressure of the atmosphere, and will conse- 
quently boil at a much lower temperature. Thus, 
you see, though it had lost many degrees of heat, 
it began boiling again the instant the vacuum was 
formed above it. The boiling has now ceased, the 
temperature of the water being still farther reduced; 

thermometer, graduated on the tube itself, may be introduced 
into the bottle through the cork. 
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it* if had been etliet’,* Instead of water, it wonMhave 
o6jrkihued boiling Wueh longer^ lbr ether boils^ an- 
deir the usual atmospheric pressure, at a teitlpera-^ 
tiire as low as 100 degrees: and in a vacuum it 
boils at almost any temperature; but water being 
a more dense fluid, requires a more considerable 
quantity of caloric to make it evaporate quickly, 
even when the pressure of the atmosphere is re- 
moved, 

EMILY. 

What proportion of vapour can the atmosphere 
contain in a state of solution ? 

MRS. B. 

I do not know whether it has lieen exactly as- 
certained by experiment; but at any rate this pro- 
portion must vary, according to the temperature of 
the atmosphere ; for the lower the temperature, the 
smaller must be the proportion of vapour which the 
atmosphere can contain. 

To conclude the subject of free caloric, I should 
mention Igriition, by which is meant that emission 
of light which is produced in bodies at a very higli 
temperature, and which is the effect of accumulated 
caloric. 

EMILY. 

You mean, I suppose, that light which is pro- 
duced by a burning body ? 

Mrs; b. 

No; ignition is quite independent of combustion. 
Clay, clialk, and indeed all incombustiUe sub* 
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stances} may bc^ made. red hot, When a body 
burnS} the light emitted hf the ^ect of ^ chemical 
change which takes place, whilsft ignition 
eHect of caloric alone, and no other change than 
that of temperature is produced in tlie ignited body* 
All solid bodies, and most liquids, are suscepti- 
ble of ignition, or, iu other words, of being heated 
so as to become luminous; and it is remarkable 
that this takes place pretty nearly at the same tem- 
perature in all bodies, that is, at about 800 degrees 
of Fahrenheit’s scale. 


EMILY* 

But how can liquids attain so high a tempera- 
ture, without being converted into vapour ? 

MRS. B. 

By means of confinement and pressure. Water 
confined in a strong iron vessel (called Papin’s di- 
gester) can have its temperature raised to upwards 
of 400 degrees; Sir James Hall has made some 
very curious experiments on the effects of heat as- 
sisted by pressure ; by means of strong gun-barrels, 
he succeeded in melting a variety of substances 
which were considered as infusible: and he con- 
sidered it not unlikely that, by similar methods, 
water itself might be heated to redness. 

EMILY. 

I am surprised at that : for I thought that the 
force of steam was such as to destroy almost all 
mechanical resistance* 
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MRS. B. 

The expansive force of steam is prodigious; but 
in order to subject water to such high temperature, 
it is prevented by confinement from being con- 
verted into steam, and the expansion of heated 
water is comparatively trifling. 

CAROLINE. 

Then, do you think it probable that water may 
ever be made red hot ? 

MRS. B. 

Mr. Perkins has already accomplished this sin- 
gular phenomenon. He raised water to a much 
higher temperature than had ever been done be- 
fore, by heating it in a strong iron vessel, which he 
completely filled and kept under great pressure. 
He has thus succeeded in making water red hot, 
and capable of liquifying several of the metals. 

CAROLINE. 

How very curious, I should be delighted to see 
water red hot. 


MRS. B. 

I am sorry that your curiosity cannot be gratified, 
for the instont the vessel should be opened the 
water would be converted into steam. 

CAROLINE. 

But, if it were heated in a transparent glass ves- 
sel you could see it without opening the vessel. 
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MRS. B. 

The heat which is necessary to make the water 
red hot^ would not only make the glass red also, 
but would melt it. It is, therefore, only by analogy 
that we conclude the water in Mr. Perkins’s vessel 
to be heated to redness, because we know that at 
the temperature of 4-00® bodies in general become 
so. 

We have dwelt so long on the subject of free 
caloric, that we must reserve the other modifications 
of that agent to our next meeting, when we shall 
endeavour to proceed more rapidly. 
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CAROUKE. 

What do you mean by the capacity of a body 
for caloric ? 

MRS. B. 

I mean a certain disposition of bodies to require 
more or less caloric for raising their temperature 
to any degree of heat. Perhaps the fact may be 
tims explained : 

Let us put as many marbles into this glass as it 
will contain, and pour some sand over them — 
observe how the sand penetrates and lodges between 
them. We shall now fill another glass with peb- 
bles of various forms — ^j"Ou see that they arrange 
themselves in a more compact manner than the 
marbles, which being globular, can touch each 
other by a single point only. The pebbles there- 
fore will not admit so much sand between them ; 
and consequently one of these glasses will necessa- 
rily contain more sand than the other, though both 
of them be equally full. 

CAROLINE. 

This 1 understand perfectly. The marbles and 
the pebbles represent two bodies of different kinds, 
and the sand the caloric contained in them; and 
H appears very plain, from this comparison, that 
one body may admit of more caloric between its 
particles than another. 

MRS. B. 

You can no longer be surprised, therefi>r^ that 
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bodies of a different capacity for caloric should 
require different proportions of that fluid to raise 
their temperatures equally. 

EMILY. 

But I do not conceive why the body which con* 
tains the most caloric should not l>e of the highest 
temperature ; that is to say, feel hot in proportion 
to the quantity of caloric it contains. 

MRS. B. 

The caloric that is employed in filling the capa- 
city of a body, is not free caloric ; but is imprisoned 
as it were in the body, and is therefore impercepti- 
ble : for we can feel only the caloric which the body 
parts with, and not that which it retains. 

CAROLINE. 

It appears to me very extraordinary that heat 
should be confined in a body in such a manner as 
to be imperceptible. 

MRS. B. 

If you lay your hand on a hot body, you feel 
only the caloric which leaves it, and enters your 
hand ; for it is impossible that you should be sen- 
sible of that which remains in the body. Tlie 
thermometer, in the same manner, is affected only 
by the free caloric which a body transmits to it, and 
not at all by that which it does not part with. 

CAROLINE. 

I begin to understand it ; but I confess that the 
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idea of insensible heat is so new and strange to me, 
that it requires some time to render it familiar. 

MRS. B. 

Call it insensible caloric, and the diflBculty will 
appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so situ- 
ated as to be incapable of producing that sensation. 
Yet this modification of caloric is commonly called 

SPECIFIC HEAT. 

CAROLINE. 

But it certainly would have been more correct to 
have called it specific calm'ic. 

EMILY. 

I do not understand how the term specific applies 
to this modification of caloric ? 

MRS. B. 

It expresses the relative quantity of caloric which 
different species of bodies of the same weight and 
temperature are capable of containing. This mo- 
dification is also frequently called heat of capacity^ 
a term perhaps preferable, as it explains better its 
own meaning. 

You now understand, 1 suppose, why the milk 
and chalk required a longer portion of time than 
the lead to raise their temperature to that of the 
oven? 

EMILY. 

Yes : the milk and chalk having a greater ca- 
pfuaty for caloric than the lead, a greater pro^ 
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portion of that fluid became insensible in those 
bodies ; and the more slowly, there&ire, their tern* 
perature was raised. 

CAROLINE. 

But might not this difference proceed from tlie 
different conducting powers of heat in these three 
bodies, since that which is the best conductor must 
necessarily attain the temperature of the oven 
first ? 

MRS. B. 

Very well observed, Caroline. This objection 
would be insurmountable, if we could not, by re* 
versing the experiment, prove that the milk, tlie 
chalk, and the lead, actually absorbed different 
quantities of caloric, and we know that if the dif- 
ferent time they took in heating, proceeded merely 
from the diversity of their conducting powers, they 
would each have acquired an equal quantity of 
caloric. 

CAROLINE. 

Certainly. But how can you reverse this expe- 
riment. 

MRS. B. 

It may be done by cooling the several bodies to 
the same degree, in an apparatus adapted to re- 
ceive and measure the caloric which they give out. 
Thus, if you plunge them into three equal quan- 
tities of water, each at the same temperature, you 
will be able to judge of the relative quantity of 
caloric which the three bodies contained, by that, 

VOL. I . G 
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whicli, in cooling, they communicated to their 
respective portions of water : for the* same quan- 
tity of caloric which they each absorbed to raise 
their temperature, will abandon them in lowering 
it ; and, on examining the three vessels of water, 
you will find the one in which you immersed the 
lead to be the least heated; that which held the 
chalk will be the next; and that which contained 
the milk will be heated the most of all. The 
celebrated Lavoisier has invented a machine to 
estimate, upon this principle, the specific heat of 
bodies in a more perfect manner; but I cannot 
explain it to you, till you are acquainted with the 
next modification of caloric. 

r.MILY. 

The more dense a body is, I suppose, the less is 
its capacity for caloric ? 

MRS. B. 

This is not always the case with bodies of dif- 
ferent nature ; iron, for instance, contains more 
specific heat than tin, though it is more dense. 
Tins seems to show that specific heat does not 
merely depend upon the interstices between the 
particles ; but, probably, also upon some peculiar 
constitution of the bodies, which w^e do not com- 
prehend. 

EMILY. 

But, Mrs. B., it w^ould appear to me more proper 
to compare bodies by measuo'e^ rather than by 
weight, in order to estimate their specific heat. 
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Why, for instance, should we not compare pints of 
milk, of chalk, and of lead, rather than pounds of 
those substances; for equal weights may be com- 
posed of very different quantities ? 

MRS. B. 

You are mistaken, my dear ; equal weight must 
contain equal quantities of matter ; and when we 
wish to know what is the relative quantity of 
caloric, which substances of various kinds are ca- 
pable of containing under the same temperature, we 
must compare equal weights, and not equal bulks, 
of those substances. Bodies of the same weight 
may undoubtedly be of very diftercnt dimensions ; 
but that does not change their real quantity of 
matter. A pound of feathers does not contain one 
atom more than a pound of lend. 

CAROLINE. 

I have another difficulty to propose. It appears 
to me, that if the temperature of the three bodies 
in the oven did not rise equally, they would never 
reach the same degree : the lead would always 
keep its advantage over the chalk and milk, and 
would, perhaps, be boiling before the others had 
attained the temperature of the oven. I think you 
might as well say, that in the course of time, you 
and I shall be of the same age ? 

MRS. B. 

Yonr comparison is not correct, Caroline. As 
soon as the lead reached the temperature of the 

G 2 
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oven, it would r^ain stationary ; for it would then 
give Out as mudi heat as it would i^eceive^ You 
should recollect that the exchange of radiating 
heat, between two bodies of equal temperature, 
is equal : it would be impossible, therefore, for 
the lead to accumulate heat after having attained 
the temperature of the oven; and that of the 
chalk and milk, therefore, would ultimately arrive 
at the same standard. Now I fear that this will 
not hold good with respect to our ages, and that, 
as long as I live, I shall never cease to keep my 
advantage over you. 

EMILY. 

I think that I have found a comparison for spe- 
cific heat, whicli is very applicable. Suppose that 
two men, of equal weight and bulk, but who 
required different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry; 
the one would consume a much greater quantity 
of provisions than the other, in order to be equally 
satisfied. 

MRS. B. . 

Yes, that is very fair ; for the quantity of food 
necessary to satisfy their respective appetites, varies 
in the same manner as the quantity of caloric re- 
quisite to raise equally the temperature of different 
bodies. 

EMILY. 

The thermometer, then, afibrde no mdicatieii of 
the specific heat of bodies. • •' 
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None at all : no more tb^n satiety is a test of 
the quantity of food eaten. The thermometer, as 
1 have repeatedly said, can be affected only by free 
caloric, which alone raises the temperature of 
bodies. 

But there is another mode of proving the exist- 
ence of specific heat which affords a very satis- 
factory illustration of that modification. This how- 
ever, I did not enlarge upon before, as I thought 
it might appear to you rather complicated. — If you 
mix two fluids of different temperatures, let us say 
the one at 50 degrees, and the other at 1 00 de- 
grees, at what temperature do you suppose the mix- 
ture will be ? 

CAROLINE. 

It will be, no doubt, tlie medium between the 
two, that is to say, 75 degrees. 

MRS. B. 

That will be the case if the two bodies bap|)eu 
to have the same edacity for caloric ; but if not, a 
different result will be obtained. Thus, for in- 
stance, if you mix togetlier a pound of mercury, 
heated at 50 degrees, and a pound of water heat^ 
at 100 degrees, the temp^ature of the mixture, in- 
stead of being 75 degrees, will be 88 degrees ; so 
that the water will have lost only 12 degrees, whilst 
the mercury will have gained 38 degrees; from 
which you will conclude that the capacity of mer- 
cury for heat is less than that of water. 
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CAROI/JNE. 

I wonder that mercury should have so little spe- 
cific heat. Did we not see it was a much better 
conductor of heat than water ? 

MRS. B. 

And it is precisely on that account that its speci- 
fic heat is less. For since the conductive power 
of bodies depends, as we have observed before, on 
their readiness to receive heat and part with it, it 
is natural to expect that those bodies which are the 
worst conductors should absorb the most caloric 
before they are disposed to part with it to other 
bodies. But let us now proceed to latent heat. 

CAROLINE. 

And pray what kind of heat is that ? 

MRS. B. 

It is another modification of combined caloric^ 
which is so analogous to specific heat, that most 
chemists make no distinction between them ; but 
Mr. Pictet, in his Essay on Fire, has so clearly 
discriminated them, that I am induced to adopt 
his view of the subject. We tlierefore call latent 
heat that portion of insensible caloric which is em- 
ployed in changing the state of bodies ; that is to 
say, in converting solids into liquids, or liquids 
into vapour. When a body changes its state from 
solid to liquid, or from liquid to vapour, its expan- 
sion occasions a sudden and considerable increase 
of capacity for heat, in consequence of which, it 
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immediately absorbs a quantity of caloric, which 
becomes fixed in the body it has transformed ; and 
as it is perfectly concealed from our senses, it has 
obtained the name of latent heat. 

CAROLINE. 

I think it would be much more correct to call 
this modification latent caloric instead of latent 
heat, since it does not excite the sensation of heat. 

MRS. B. 

This modification of heat was discovered and 
named by Dr. Black long before the French che- 
mists introduced the term caloric, and we must 
not presume to change it, as it is still used by much 
better chemists than ourselves. Besides, you are 
not to suppose that the nature of heat is altered 
by being variously modified: for if latent heat 
and specific heat do not excite the same sensations 
as free caloric, it is owing to their being in a state 
of confinement, which prevents them from acting 
upon our organs; and consequently, as soon as 
they are extricated from the body in which they 
are imprisoned, they return to their state of 1‘ree 
caloric. 

EMILY. 

But I do not yet dearly see in what respect 
latent heat differs from specific heat ; for they are 
both of them imprisoned and concealed in bodies. 

MRS. B. 

Specific heat is that which is employed in filling 
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the CApotity of a body for caloric, in the staite in 
which thb body actually exists j while latent heat 
is that which is employed only in effecting atchange 
of state, that is, in converting bodies from 4i solid 
to a liquid, or from a liquid to an aeriform state. 
But I think that, in a general point of view, both 
these modifications might be comprehended under 
the name of heat of capacity^ as in both cases the 
caloric is equally engaged in filling the capacities 
of bodies. 

I shall now show you an experiment, which I 
hope will give you a clear idea of what is under- 
stood by latefit heat. 

The snow which you see in this phial has been 
cooled by certain chemical means (which 1 cannot 
well explain to you at present) to five or six de- 
grees below the freezing point, as you will find in- 
dicated by the thermometer which is placed in it. 
We shall expose it to the heat of a lamp, and you 
will see the thermometer gradually rise, till it 

reaches the freezing point 

EMILY. 

But there it stops, Mrs. B., and yet the lamp 
burns just as well as before. Why is not its heat 
communicated to the thermometer ? % 

CAROLINE. 

And the snow begins to melt, therefore it must 
be rising above the freezing point ? 

MRS. B. 

The heat no longer afiects the thermometer, be- 
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cause it is wholly employed in converting the ice 
into water* Aa the ice melts, the caloric becomes 
hUtU in the new-fcrmed liquid, and therefore can- 
not raise its temperature; and the thermometer 
will consequently remain stationary, till the whole 
of the ice be melted. 

CAROLINE. 

Now it is all melted, and the thermometer begins 
to rise again. 

MRS. B. 

Because the conversion of the ice into water be- 
ing completed, the caloric no longer becomes latent; 
and therefore the heat which the water now receives 
raises its temperature, as you find the thermometer 
indicates. 

EMILY. 

But I do not think that the thermometer rises 
so quickly in the water as it did in tlie ice, previous 
to its beginning to melt, though the lamp burns 
equally well ? 

MRS. B. 

That is owing to the different specific heat of ice 
and water. The capacity of water for caloric being 
greater than that of ice, more heat is required to 
raise its temperature, and therefore the thermometer 
rises slower in the water than it did in the ice. 

EMILY. 

True ; you said that a solid body always in- 
creased its capacity for heat by becoming fiuid ; 
and instance of ha. > : . : 

G 3 
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MRS. B. 

Yes; and the latent heat is that which is absorbed 
in consequence of the greater capacity which the 
water has for heat, in comparison to ice. 

I must now tell you a curious calculation founded 
on that consideration. I have before observed to 
you that though the thermometer shows us the 
comparative warmth of bodies, and enables us to 
determine the same point at different times and 
places, it gives us no idea of the absolute quantity 
of heat in any body. We cannot tell how low it 
ought to fall by the privation of all heat, but an 
attempt has been made to infer it in the following 
manner. It has been found by experiment that the 
capacity of water for heat, when compared with that 
of ice, is as 10 to 9; so that, at the same tempera- 
ture, ice contains one-tenth of caloric less than 
water. By experiment also it is observed, that, in 
order to melt ice, there must be added to it as much 
heat ns would, if it did not melt it, raise its tempe- 
rature 140 degrees. This quantity of heat is there- 
fore absorbed when the ice, by being converted 
into water, is made to contain one-ninth more 
caloric than it did before. Therefore 140 degrees 
is a ninth part of the heat contained in ice at ^0 
degrees ; and the point of zero, or the absolute pri- 
vation of heat, must consequently be 1260 degrees 
below 32 degrees. 

This mode of investigating so curious a question 
is ingenious, but its correctness is not yet established 
by similar calculations for other bodies. The points 



of absolute cold, indicated by this method in various 
bodies, are very remote from each other ; it is how- 
ever possible, that this may arise from some im» 
perfection in the experiments. 

CAROLINE. 

It is indeed very Ingenious — but we must now 
attend to our present experiment. The water 
begins to boil, and the thermometer is again sta- 
tionary. 

MRS. B 

Well, Caroline, it is your turn to explain the 
phenomenon. 

CAROLINE, 

It is wonderfully curious ! The caloric is now 
busy in changing the water into steam, in which it 
hides itself, and becomes insensible. This is an- 
other example of latent heat producing a change 
of form. At first it convened a solid body into a 
liquid, and now it turns the liquid into vapour ! 

MRS. B. 

You see, my dear, how easily you have become 
acquainted with these modifications of insensible 
heat, which at first appeared so unintelligible. It; 
now, we were to reverse these changes, and con- 
dense the vapour into water, and the water into 
ice, the latent heat would re-appear entirely, in the 
form of free caloric, 

EMILY. 

Pray do let us see the effect of latent heat re- 
turning to its free state 
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MRS. B. 

Por the purpose of shewing this, we need simply 
conduct the vapour through this tube into this ves- 
sel of cold water, where it will part with its latent 
heat and return to its liquid form. 

EMILY. 

How rapidly the steam heats the water 1 

MRS. B. 

That is because it does not merely impart its free 
caloric to the water, but likewise its latent heat. 
This method of heating liquids, has been turned to 
advantage in several economical establishments. 
The steam kitchens, which are getting into such 
general use, are upon the same principle. The 
steam is conveyed through a pipe in a similar man- 
ner, into the several vessels which contain the pro- 
visions to be dressed, where it communicates to 
them its latent caloric, and returns to tlie state of 
water. Count Rumford makes great use of this 
principle in many of his fire-places: his grand 
maxim is, to avoid all unnecessary waste of caloric, 
for which purpose he confines the heat in such a 
manner, that not a particle of it shall unnecessarily 
escape ; and while he economises the free caloric, 
he takes care also to turn the latent heat to advan- 
tage. It is thus that he is enabled to produce a 
degree of heat superior to that which is obtained in 
common fire-places, thovgk he employs less fuel. 

EMILY. 

When the advantages of such contrivances are 
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SO clear and plain, I Cannot understand why they 
are not universally used. 

MRS. B. 

A long time is always required before innova- 
tions, however useful, can be reconciled with the 
prejudices of the vulgar. 

EMILY. 

What a pity it is that there shoulJ be a preju- 
dice against new inventions; how much more rapidly 
the world would improve, if such useful discoveries 
were immediately and universally adopted ! 

MRS. B. 

Among the variety of novelties attempted to be 
introduced, I believe, my dear, that there are as 
many, the adoption of which would be prejudicial to 
society, as there are of those which would be bene- 
ficial to it. The well-informed, though by no means 
exempt from error, have an unquestionable advan- 
tage over the ignorant, in judging what is likely or 
not to prove serviceable ; and therefore we find the 
former more ready to adopt such discoveries as 
promise to be really advantageous, than the latter, 
who, having no other test of the value of a novelty 
but time and experience, at first oppose its intro- 
duction. The well-informed, however, are fre- 
quently disappointed in their most sanguine ex- 
pectations; and the prejudices of the vulgar, though 
they often retard the progress e£ knowledge, yet 
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sometimes, it must be admitted, prevent the propa^ 
gation of error. 

But the most important use to which we apply 
steam is the steam engine, its prodigious advantage 
in the arts renders it an object of such universal in- 
terest, that I think it will be worth your while to 
bestow a little attention upon it, but as it would inter- 
rupt our present subject we w ill defer it till we have 
concluded the history of caloric. To return there- 
fore to latent heat ; we have converted steam into 
water, and arc now to change water into ice, in 
order to render the latent heat sensible, as it es- 
capes from the water on its becoming solid. For 
this purpose we must produce a degree of cold 
which w’ill make water freeze. 

CAROLINE. 

That must be very difficult to accomplish in this 
warm room. 


MRS. B. 

Not so difficult as you think. There are certain 
chemical mixtures which produce a rapid change 
from the solid to the fluid state or the reverse, in 
the substances combined, in consequence of which 
change latent heat is either extricated or absorbed, 

EMILY. 

I do not quite understand you. 

MRS. B. 

This snow and salt which you see me mix to- 
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gether, are melting rapidly ; heat therefore must be 
absorbed by the mixture, and cold produced. 

CAROLINE. 

It feels even colder than ice, and yet the snow is 
melted. Tliis is very extraordinary. 

MRS. B. 

The cause of the intense cold of the mixture is 
to be attributed to the change of a solid to a fluid 
state, Tlie union of the snow and salt produces a 
new arrangement of their particles, in consequence 
of which they become liquid ; and the quantity of 
caloric, required to effect this change, is seized 
upon by the mixture wherever it can be obtained. 
The eagerness of the mixture for caloric, during 
its liquefaction, is such, that it converts part of its 
own free caloric into latent heat, and it is thus that 
its temperature is lowered. 

EMILY. 

Whatever you put in this mixture, therefore, 
would freeze ? 

MRS. B. 

Yes ; at least any fluid that is susceptible of 
freezing at that temperature. I have prepared this 
mixture of salt and snow for the purpose of freezing 
the water from which you are desirous of seeing the 
latent heat escape. I have put a thermometer in 
the glass of water that is to be frozen, in order that 
you may see how it cools. 

CAROLINE. 

The thermometer descends, but the heat which 
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the water is now losing, is its ft ec^ not its latent 
heat. 

MRS. B. 

Certainly; it does not part with its latent heat 
till it changes its state and is converted into ice. 

EMILY. 

But here is a very extraordinary circumstance ! 
The thermometer has fallen below the freezing 
point, and yet tlie water is not frozen. 

MRS. B. 

That is always the case previous to the freezing 
of water when it is in a state of rest. Now it be- 
gins to congeal, and you may observe that the ther- 
mometer again rises to the freezing point. 

CAROLINE. 

It appears to me very strange that the thermo- 
meter should rise the very moment that the water 
freezes ; for it seems to imply that the water was 
colder before it froze than when in the act of 
freezing. 

MRS. B. 

It is so ; and after our long dissertation on this 
circumstance, I did not think it would appear so 
surprising to you. Reflect a little, and I think you 
will discover the reason of it. 

CAROLINE. 

It must be no doubt, the extrication of latent 
heat, at the instant the water freezes, which raises 
die ^temperature. 



COMBINED CALOKIC. 


187 


MBS. B. 

Certainly ; and if you now examine the thermo- 
meter, you will find that its rise was but temporary, 
and lasted only during the disengagement of the 
latent heat — now that all the water is frozen it 
falls again, and will continue to fall till the ice and 
mixture are of an equal temperature. 

EMILY. 

And can you show us any experiments in which 
liquids, by being mixed, become solid, and disen- 
gage latent heat ? 

MRS. B. 

I could show you several ; but you are not yet 
sufficiently advanced to imderstand tliem well. I 
shall, however, try one, which will afford you a 
striking instance of the fact. The fluid which you 
see in this phial consists of a quantity of a certain 
salt called muriat of limej dissolved in water. Now, 
if I pour into it a few drops of this other fluid, 
called sulphuric acid^ the whole, or very nearly the 
whole, will be instantaneously converted into a solid 
mass. 


EMILY. 

How white it turns ! I feel the latent heat escap- 
ing; for the bottle is warm, and the fluid is changed 
to a solid white substance like chalk ! 

CAROLINE. 

This is, indeed, the most curious experiment we 
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have seen yet. But pray what is that white vapour 
which ascends from the mixture ? 

MRS. B. 

You are not yet enough ofa chemist to under- 
stand that. — But take care, Caroline, do not ap- 
proach too near it, for it has a very pungent smell. 

I shall show you another instance similar to 
that of the water, which you observed to become 
warmer as it froze. I have in this phial a solution 
of a salt called sulphat of soda or Glauber's salt, 
made very strong, and corked up when it was 
hot, and kept without agitation till it became cold, 
as you may feel the phial is. Now when I take 
out the cork and let the air fall upon it, (for, being 
closed when boiling, there was a vacuum in the 
upper part,) observe that the salt will suddenly 
crystallize. 

CAROLINE. 

Surprising I how beautifully the needles of salt 
have shot through the whole phial ! 

MRS. B. 

Yes, it is very remarkable ; — but pray do not 
forget die object of the experiment. Feel how 
warm the phial has Ixicome by the conversion of 
part of the liquid into a solid. 

EMILY. 

Quite warm, 1 declare I this is a most curious 
experiment of the disengagement of latent heat. 
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MRS. B. 

The slaking of lime is another remarkable in- 
stance of the extrication of latent heat. Have you 
never observed how quick-lime smokes when water 
is poured upon it, and how much heat it produces? 

CAROLINE. 

Yes ; but I do not understand what change of 
state takes place in the lime that occasions its giving 
out latent heat ; for tije quick-lime, which is solid, 
is (if I recollect right) reduced to powder, by this 
operation, and is, tlierefore, ratlier expanded than 
condensed. 

MRS. B. 

It is from the water, not tlie lime, that the latent 
heat is set free. The water incorporates with, and 
becomes solid in the lime ; in consequence of which 
the heat, which kept it in a liquid state, is disen- 
gaged, and escapes in a sensible form. 

CAROLINE. 

I always thought that the heat originated in the 
lime. It seems very strange that water, and cold 
water too, should contain so much heat. 

EMILY, 

After this extrication of caloric, the water must 
exist in a state ot ice in the lime, since it parts with 
the heat which kept it liquid. 

MRS, B. 

It cannot properly be called ice, since ice ira- 
plies a degree of cold, at least equal to the freezing 
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point Yet, as water, in combining B^ith lime, 
gives out more heat than in freezing, it must be in 
a state of still greater solidity in the lime than it is 
in the form of ice ; and you may have observed 
that it does not moisten or liquefy the lime in the 
smallest degree. 

EMILY. 

But, Mrs. B., the smoke that rises is white ; if 
it were only pure caloric which escaped, we might 
feel, but could not see it. 

MRS. B. 

This white vapour is formed by some of the par- 
ticles of lime, in a state of fine dust, which are 
carried off by the caloric. 

EMILY. 

In all changes of state, then, a body either 
absorbs or disengages latent heat ? 

MRS. B. 

You cannot exactly say absorbs latent heat^ as 
the heat becomes latent only on being confined in 
the body ; but you may say, generally, that bodies, 
in passing from a solid to a liquid form, or from 
the liquid state to that of vapour, absorb heat ; and 
that when the reverse takes place, heat is disen- 
gaged*. 

EMILY. 

We can now, I think, account for the ether 
♦ Thb rule, if not universal, admits of veiy few exceptions. 



The latent heat, which the water gave out in 
freezing, was immediately absorbed by the ether, 
during its conversion into vapour ; and therefore, 
from a latent state in one liquid, it passed into a 
latent state in the other. 

MRS. B. 

But this only partly accounts for the result of the 
experiment; it remains to be explained why the 
temperature of the ether, while in a state of ebulli- 
tion, is brought down to the freezing temperature 
of the water. — It is because the ether, during its 
evaporation, reduces its own temperature, in the 
same proportion as that of the water, by converting 
its free caloric into latent heat : so that, though 
one liquid boils, and the other freezes, their tem- 
peratures remain in a state of equilibrium. 

EMILY. 

But why doe&jiot water, as well as etlier, reduce 
its own temperature by evaporating ? 

MRS. B. 

The fact is, that it does, though much less rapid > 
ly, than ether. Thus, for instance, you may 


* See|>«ge 106 . 
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often have observed, in the heat of siitnmer, how 
much any particular spot may be cooled by water- 
ing, though the water used for that purpose be as 
warm as the air itself. Indeed so much cold may 
be produced by the mere evaporation of water, that 
the inhabitants of India, by availing themselves of 
the most favourable circumstances for this process 
which their warm climate can afford, namely, the 
cool of the night, and situations most exposed to 
the ni^t breeze, succeed in causing water to freeze, 
tliough the temperature of the air be as high as 60 
degrees. The water is put into shallow earthen 
trays, so as to expose an extensive surface to the 
process of evaporation, and in the morning, the 
water is found covered with a thin cake of ice, 
which is collected in sufficient quantity to be used 
for purposes of luxury. 

CAROLINE. 

How delicious it must be to drink liquids so cold 
in those tropical climates ! But, Mrs. B., could 
we not try that experiment ? 

MRS. B. 

If we were in the country, I have no doubt but 
that we should be able to freeze water, by the 
same means, and under similar circumstances : 
but we can do it immediately, upon a small scale, 
in this very room, in which the thermometer stands 
at 70 degrees. For this purpose we need only 
place some water in a little cup under the receiver 
of the air-pump (Plate V. %• 1.), and exhaust 
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the air from it What will be the consequence, 
Caroline ? 

CAROLINE. 

Of course the water will evaporate more quickly, 
since there will no longer be any atmospheric pres- 
sure on its surface : but will this be sufficient to 
make the water freeze ? 

MRS. B. 

Probably not, because the vapour will not be 
carried off fast enough; but this will be accom- 
plished without difficulty if we introduce into the 
receiver (fig. 1 .), in a saucer, or other large shal- 
low vessel, some strong sulphuric acid, a substance 
which has a great attraction for water, whether in 
the form of vapour, or in the liquid state. This 
attraction is such that the acid will instantly absorb 
the moisture as it rises from the water, so as to 
make room for the formation of fresh vapour ; this 
will of course hasten the process, and the cold pro- 
duced from the rapid evaporation of the water, will, 
in a few minutes, be sufficient to freeze its surface^. 
We shall now exhaust the air from the receiver. 

EMILY. 

Thousands of small bubbles already arise 
through the water from the internal surfrce of the 
cup ; what is the reason of this ? 

MRS. B. 

These are bubbles of air which were partly attach- 

* This experiment was first de^d Mr. Leslie, and has 
since been modified in a variety of forms. 
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ed to the vessel, and partly diffused in the water 
itself ; and they expand and rise in consequence of 
the atmospheric pressure being removed. 

CAROLINE. 

See, Mrs. B.; the thermometer in the cup is 
sinking fast; it has already descended to 40 de- 
grees ! 

EMILY. 

The water seems now and then violently agi- 
tated on the surface, as if it were boiling ; and yet 
the thermometer is descending fast ! 

MRS. B. 

You may call it boilings if you please, for this 
appearance is, as well as boiling, owing to the 
rapid formation of vapour: but here, as you have 
just observed, it takes place from the surface, for 
it is only when heat is applied to the bottom of the 
vessel that the vapour is formed there. — Now crys- 
tals of ice are actually shooting all over the surface 
of the water. 


CAROLINE. 

How beautiful it is ! The surface is now en- 
tirely frozen, — but the thermometer remains at 32 
degrees. 

MRS. B. 

And so it will, conformably with our doctrine 
of latent heat, until the whole of the water* is frozen; 
but it will then again begin to descend lower and 
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lower, in consequence of the evaporation which 
goes on from the surface of the ice. 

EMILY. 

This is a most interesting experiment; but it 
would be still more striking if no sulphuric acid 
were required. 

MRS. B. 

I will show you a freezing instrument, contrived 
by Dr. Wollaston, upon the same principle as 
Mr. Leslie’s experiment, by which water may be 
frozen merely by its own evaporation, without the 
assistance of sulphuric acid. 

This tube, which, as you see (Plate V. Fig. 2.), 
is terminated at each extremity by a bulb, one of 
which is half full of water, is internally perfectly 
exhausted of air ; the consequence of this is, that 
the water in the bulb is always much disposed to 
evaporate. This evaporation, however, does not 
proceed sufficiently fast to freeze the water ; but if 
the empty ball be cooled by some artificial means, 
so as to condense quickly the vapour which rises 
from the water, the process may be thus so much 
promoted as to cause the water to freeze in the 
other ball. Dr. Wollaston has called this instru- 
ment Cryophorus. 

CAROLINE. 

So that cold seems to perform here the same 
part which the sulphuric acid acted in Mr. Leslie’s 
experiment ? 

VOL. I. 


H 
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MRS. B. 

Exactly so ; but let us try the experiment. 

EMILY. 

How will you cool the instrument ? You have 
neither ice nor snow. 


MRS. B. 

True; but we have other means of effecting 
this*. You recollect what nn intense cold can 
be produced by the evaporation of ether in an 
exhausted receiver. We shall inclose the bulb in 
this little bag of fine flannel (Plate V. Fig. 3.), then 
soak it in ether, and introduce it into the receiver 
of the air pump (Fig. 5.). For this purpose we 
shall find it more convenient to use a cryophorus 
of this shape (Fig. 4.), as its elongated bulb passes 
easily through a brass plate which closes the top 
of the receiver. If we now exhaust the receiver 
quickly, you will see, in less than a minute, the wa- 
ter freeze in the other bulb, out of the receiver. 

EMILY. 

The bulb already looks quite dim, and small 
drops of water are condensing on its surface. 

CAROLINE. 

And now crystals of ice shoot all over the water. 
This is, indeed, a very curious experiment ! 

^ This mode of making the experiment was proposed, and 
the particulars detailed, by Dr. Marcet, in the 34th voL of 
Nicholson’s Journal, p. 119. 
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MRS. B. 

You will see, some other day, that, by a similar 
method, even quicksilver may be frozen. — But we 
cannot at present indulge in any further digression. 

Having advanced so far on the subject of lieat, 
1 may now give you an account of the calorimeter, 
an instriynent invented by Lavoisier, upon the prin- 
ciples just explained, for the purpose of estimating 
the specific heat of bodies. It consists of a vessel, 
the inner surface of which is lined with ice, so as 
to form a sort of hollow globe of ice, in the midst ol' 
which the body, whose specific heat is to be ascer- 
tained, is placed. The ice absorbs caloric from 
this boily, till it has brought it down to the freezing 
point: this caloric converts into water a certain 
portion of the ice which runs out through an aper- 
ture at the bottom of the machine ; and the quan- 
tity of ice changed to water is a test of the quantity 
of caloric which the body has given out in de- 
scending from a certain temperature to the freezing 
point. 

CAROLINE. 

In this apparatus, I suppose, the milk, chalk, 
and lead, would melt different quantities of ice, in 
proportion to their different capacities for caloric. 

MRS. B. 

Certainly : and thence we are able to ascertain, 
with precision, their respective capacities for heat. 
But the calorimeter affords us no more idea of the 
absolute quantity of heat contained in a body, than 
h2 
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the thermometer : for though by means of it we 
extricate both the free and combined caloric, yet 
we extricate them only to a certain degree, wliich 
is the freezing point : and we know not how much 
they conUiin of either below that point. 

EMILY. 

According to the theory of latent heat, i^ appears 
to me that the weather should be warm when it 
freezes, and cold in a thaw : for latent heat is libe- 
rated from every substance that freezes, and such 
a large supply of caloric must warm the atmosphere; 
whilst, during a thaw, that very quantity of free 
lieatmust be taken from the atmosphere, and return 
to a latent state in the bodies w hich it thaws. 

MRS. 13. 

Your observation is very natural ; but consider 
that in a frost the atmospliere is so much colder 
than the earth, tliat all the caloric wdiich it takes 
from the freezing bodies is insuflicient to raise its 
temperature above the freezing point ; otherwise 
the frost must cease. Yet if the quantity of latent 
heat extricated does not destroy the frost, it serves 
to moderate the suddenness of the change of tem- 
perature of the atmosphere, at the commencement 
lK)th of frost and of a thaw. In the first instance, 
its extrication diminishes the severity of the cold ; 
and, in the latter, its absorption moderates the 
warmth occasioned by a thaw : it even sometimes 
produces a discernible chill, at tlie breaking up of 
a frost. 
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CAROLINE. 

But what are the general causes that produce 
those sudden changes in the weather, especially 
from hot to cold, which we often experience ^ 

MRS. B. 

This question would lead us into meteorological 
discussions, to which I am by no means competent 
One circumstance, however, we can easily under- 
stand. When the air has passed over cold coun- 
tries, it will probably arrive here at a temperature 
much below our own, and then it must absorb heat 
from every object it meets with, which will produce 
a general Hill of temperature. 

CAROLINE. 

But pray, now that we know so much of the 
effects of heat, will you inform us whether it is 
really a distinct body, or, as I have heard, a pecu- 
liar kind of motion produced in bodies ? 

MRS. «. 

As I before told you, there is yet much uncer- 
tainty as to the nature of these sul)tle agents. 
But I am inclined to consider heat not as mere 
motion, but as a separate substance. Late experi- 
ments, too, appear to make it a compound body, 
consisting of the two electricities. 

EMILY. 

But Mrs. B., you do not, I hope, forget your 
promise of giving us an explanation of the Steam- 
Engine ? 
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MRS. B. 

No ; but I think it would be too great an under- 
taking for this morning. I would rather that you 
should come fresh to the subject in order to be able 
to give it your unwearied attention, let us therefore 
reserve it for our next interview. 
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ON THE STEAM-ENGINE. 


MRS. B. 

I HAVE promised to devote this conversation to giv- 
ing you some account of the steam-engine. Since its 
original invention, about the middle of the 17th 
century, it has, by a lorig series of improvements, 
attained such a degree of perfection that it now not 
only works our manufactures, but is beginning to be 
applied to their conveyance both by land and water. 
Steam-boats, you know, are already in general 
use ; loco-motive steam-engines are employed on 
rail- ways in several parts of England, to draw coals 
from the mine to the place of shipment ; and a bill 
is now before ))arliament to establish a rail -way for 
the purpose of conveying the multiplicity of goods 
which pass from Manchester to the port of Liver- 
pool by means of these self-moving carriages. 

CAROLINE. 

After having both seen and heard so much of 
steam-engines as we have done of late years, I am 
almost ashamed to confess how ignorant 1 am of 
the principles on which they act ; but the machi- 
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nery is so €Oin{^cate<^ there are so many pipes and 
valves, and boilers^ and coolers, and 1 kmw not 
what, that really one’s head ^ws quite confused, 
and can understand nothing* 

MRS. B. 

Here is a litde apparatus of no very complicated 
construction, but simple as it is, I think it will as- 
sist me in explaining to you the principle on which 
the steam-engine acts. (Plate VI. Fig. 1.) It con- 
sists, you see, of a glass cylinder and terminating 
in a bulb or baU, and a piston which is fitted to 
the cylinder and can slide up and down within it. 
We shall pour a little water into the bulb, push 
down the piston to the bottom of the cylinder, and 
make the water boil by placing it over this lamp ; 
what will happen then ? 

EMILY. 

The steam rising from the water will force up 
the piston by its expansion — -just so — as the steam , 
is formed the piston rises. 

GAHOLINE. 

Oh ! now I understand it ; if this was a large iron 
cylinder instead of a small glass one, and had a 
great beam attached to it to act as a lever, as I have 
seen in real steam-engines, that the bulb was a spa- 
cious boiler, and the lamp a furnace, we should be 
enabled by k to raise a great w^eight. 

MRS. B. 

The force of steam when once obtained, may be 





STEAM-ENGINE. 


153 


applied to aii immense number of puq^oses, it may 
be made to push, to pull, to lift, to strike, in a word, 
to put in motion any of the mechanical powers. 
But as yet we have only raised the piston, we must 
get it down again in order to repeat the stroke and 
and continue the action. As soon as I take this 
glass vessel from the lamp, the steam returns to the 
state of water, a vacuum is formed by its conden- 
sation, and the piston falls by the weight of the at- 
mosphere, which you may recollect presses with a 
weight of 15lbs. on every square inch of the sur- 
face of the piston 

CAROLINE. 

This little cylinder is easily removed from the 
lamp, but we cannot take a boiler from tlie furnace 
and replace it again at every stroke of the piston. 

MRS. B. 

We must therefore find some other mode of con- 
densing the steam, without which the weight of the 
atmosphere will not make the piston descend. This 
was at first accomplished by injecting cold water 
into the cylinder. 

EMILY. 

The steam would naturally give out its latent heat 
to the cold water, and this powerful elastic fluid 
would be converted into an inert liquid. 

MRS. B. 

This is a conclusion, which, in the present state 

* See Conversations on Natural Philosophy, p, 284 ., 

II 3 
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of science, it is very easy to draw ; but in the 1 7th 
century the properties of heat and of steam were 
equally involved in obscurity. Wlien the Marquis 
of Worcester first attempted the construction of a 
steam-engine, it appears probable that he injected 
cold water simply with a view of replenishing the 
boiler, and that lie was not aware that it caused the 
condensation of the steam, or that this condensation 
was necessary in order to make the piston descend. 
The Marquis is, however, generally considered as 
tlie original inventor of the steam-engine ; but it 
was Savary and Newcomens who improved upon his 
ideas, and first produced this machine sufficiently 
well constructed to be brought into common use. 
Plate VI. Fig. 2. represents an engine thus im- 
proved and applied to the purpose of raising water 
from a well. 

The steam issuing from the boiler B raises the 
piston P ill the cylinder, and consequently that end 
of the lever L to which it is attached by the rod R. 
One end of the lever beam being thus elevated, the 
other necessarily descends, and forces down the 
rod r and the piston p, in the well W. 

CAROUNi:. 

Now we have the great piston P at the top of 
the cylinder, and the little piston p at the bottom 
of die well, but in order to bring up the water we 
must reverse the action of the lever, how is that to 
be done ? 

MRS. B. 

As soon as tlie piston P reaches the upper part 
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of the cylinder, the cock or valve V closes, exclud- 
ing the further entrance of steam ; at the same 
time the valve Q opens, admitting a jet of cold 
water from the reservoir R. This condenses the 
steam which filled the cylinder, and forms a vacu- 
um ; the piston no longer supported beneath, is 
forced down by the pressure of the atmosphere ; 
while the piston p rises, lifting up the water which 
flows out at rn. 

CAROLINE. 

Tlie water is raised by the piston p, on the prin- 
ciple of the lifting pump, which 1 recollect your 
ex{)laining to us *. Then, when the piston P re- 
turns to the bottom of the cylinder, the valve Q 
shuts to exclude the cold water, while the valve V 
opens to admit the steam ; there could not be a 
more clever contrivance. 

EMILY. 

Vet, it seems to me to be a pity to destroy the 
steam at every stroke of the piston ; what an eco- 
nomy of fuel would be obtained if it were possible 
to })reserve the steam and make it act again ! 

MRS. IL 

Nor is tliis the only objection to the introduction 
of cold water into the cylinder; it is attended also 
with the inconvenience of cooling the cylinder, so 
as to require a considerable additional quantity of 
steam to restore its temperature before the piston 

See Conversations on Natural Philosophy, p. 2 ^ 2 , 
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into the condenser, the steam beneath will makaiit 
rise. It is therefore essential that the atmospheric 
air should have no access to the cylinder, otherwise 
the vacuum could not be formed, for the air would 
rush in to supply the place of the steam as soon aa 
this is condensed. But is it not difficult to exclude 
the air completely, and yet leave room for the pis- 
ton-rod to move up and down freely ? 

MRS. B. 

In order to render the cylinder air tight, the 
piston-rod slides up and down through a small 
box, so well stuffed with leather and hemp that no 
air can penetrate. 

These movements will be more intelligible if you 
examine Plate VII. which represents a steam en- 
gine such as is now used ; in which all the essen- 
tial improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the 
mechanism has been substituted in the place of his 
more elaborate and complicated contrivances. A A 
is the boiler, and the fire which heats it is contained 
in the fire-place BB, which, with the flues XX, 
surround it. The water when converted into steam 
passes through the pipe CC, and thence into a sort 
of box DD, but for the explanation of the construc- 
tion of this box I must refer you to Plate VIII. 
where you will find it represented on a larger scale, 
as that plate contains only the cylinder ZZ, and the 
pipes which connect the box with it* From this 
box the steam can pass eiffier through the pipe 
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EE into the upper part of the cylinder above the 
piston YY in order to force it down; or it can pass 
through the pipe FF and enter the cylinder below 
the piston in order to raise it. 

CAROLINE. 

But when the steam enters at one end of the cy- 
linder, it must make its exit at the other, and take 
refuge in the condenser; how does it find its way 
there ? for these two pipes conununicating at one 
end with the steani-box, and at the other with the 
cylinder cannot either of them convey the steam 
into the condenser. 

MRS. B. 

There is a separate pipe for that purpose, one 
end of which ojiens into the steam-box, and the 
other into the condenser. The orifice of this pipe 
alone is visible at (1 as it turns brick In fore it de- 
scends ; but in Plate \’II, that part G which com- 
municates w ith the condenser HI I is delineated. 

EMILY. 

And by wdiat means is the steam prevented from 
entering the cylinder through both passages at the 
same time ? 

MRS. B. 

By a very simple and ingenious contrivance call- 
ed a sliding valve II which moves up and down, 
and alternately leaves the passage to the upper or 
lower pipe open ; in its present situation in Plate 
VI 11. it is raised as high as it will go, closing the 
passage between tlie steam-box, and the openings 
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to the pipes E and G, but leaving a communication 
between these two pipes. 

CAROLINE. 

The steam then enters at the bottom of the cj- 
linder below the piston ; but how do you get rid of 

that which is above it ? oh) I sec : it descends 

through the pipe E, and being excluded by the 
valve I from entering the steam-box, it passes into 
the orifice of the pipe G, and is thence conveyed 
into the condenser. 


MRS. n. 

And when the valve is slided dow’iiwards so as to 
close the communication between the pipe F and 
the steam-box, it opens ajiassage between that ))ij)e 
and G ; so that the steam below the jiiston is now 
drawn into the condenser, while that above it forces 
it down. 

EMILY. 

But during the time that the valve is moving 
irom the orifice of one pipe to that of tlie other, 
both must be left partly open at the same time, so 
that less steam can get admittance into one pipe 
or escajie out of the other, than w'lien one of the 
})i])es is completely open, and the other entirely 
closed. 

MRS, B. 

That is very true, and the stroke of the piston is 
less forcible during those intervals. There is also 
an instant during which the valve closes all the 
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three passages ; it is when the piston reaches the 
top of the cylinder, as represented in Plate VIL 

CAROLINE. 

The communication between the steam-box, and 
the condensing pipe G, is then always closed by 
the valve in whatever position it may be ? 

MRS. B. 

Certainly; it would be wasting the steam to 
allow it to flow from the steam-box, into the con- 
densing pipe ; that pipe is used merely to convey 
away the steam that has already performed its 
office in the cylinder; it therefore communicates only 
with tlie pipes E and F. The valve 1 1 you will 
observe is not flat, but capacious, in the form 
of a box without a lid; for it is necessary that the 
communication betw^een the pipes E and G, should 
be made within the capacity of the valve ; were it 
flat, it would close the pipes E and G, not only 
I'rora the steani-box, but from each other, so that 
the steam could not escape into the condensing 
pipe. 

Thus by simply sliding up and down this hollow 
valve, the motion of the piston may be carried on 
indefinitely. 

EMILY. 

And by what means is this valve moved, for I see 
no rod to connect it with the lever. 


MRS. B. 

No, it is worked by two cranks V and W, situ- 
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ated at right angles to each other ; of which V is 
connected with the slide-valve I, and W is con- 
nected to the excentric X, which is worked by 
the fly-wheel shaft U. 

EMILY. 

But the steam is lost Mrs. B., I liad flattered 
myself that some means had been devised of turn- 
ing it to account. 

MRS. B. 

Not lost, though it is no longer serviceable in 
the form of steam, for it gives out its latent heat 
to the water in the condenser, and this heated 
water is pumped up and conveyed into the boiler 
B, Plate VII. where it is re-converted into steam 
at a much less expense of fuel than if it were cold. 
The condenser H, you will observe, is situated in 
a cistern of cold water, LL and ^ represents the 
injection cock, by means of which a stream of this 
water is constantly flowing into the condenser, in 
order to re-convert the steam into water. 

CAROLINE. 

And how is this water conveyed into the boiler, 
to be again transformed into steam ? 

MRS. B. 

The bottom of the condenser communicates with 
an air pump MM, which raises the heated water 
into a smaller cistern N, from whence it is elevated 
by the forcing pump O, and conveyed through a 
pipe which is not delineated in the Plate into a 
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cistern P, situated immediately over the boiler, into 
which it descends through the pipe Q. — The small 
lever attached to jhis cistern, having a weight sus- 
pended at one end, and a float 11 which rests upon 
the surface of the water hanging from the other, 
is a contrivance to admit into the boiler exactly 
the quantity of water required. In the present 
position of the lever, that quantity is duly adjust- 
ed; but should the boiler be further filled, the float 
which always remains on the surface of the water, 
and the rod to which it is attached must rise and 
elevate that arm of the lever to which it is suspend- 
ed; the other arm will consequently descend, and 
a valve S, which is suspended to that arm, will 
close the pipe Q so as to impede the entrance of 
more water into the boiler. But as soon as the 
superabundance of water in the boiler is converted 
into steam, and has passed off into the cylinder, 
and the water resumes its former level, the float 
descending restores the lever to its horizontal posi- 
tion, raises the valve S, and re-opens a communi- 
cation for the admission of water from the con- 
denser. 

EMILY. 

This is a most ingenious contrivance ; yet the 
invention of a separate vessel to condense the steam, 
was, I think, the most happy idea, and so simple 
that I wonder it did not occur sooner. But since 
it is essential to preserve the high temperature of 
tlie cylinder, 1 should think it might be useful to 
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cover it witli flannel, or some other bad conductor 
of heat, in order to prevent its radiating off caloric ; 
and I wonder that tlie cylinder should be made of 
metal which is so good a conductor of heat ? 

MRS. B. 

Metal, though a good conductor, is, you know, 
a bad radiator ; besides, no other substance would 
have sufficient strength and durability for the pur- 
pose. Then instead of flannel, the cylinder, in 
large engines, is frequently enclosed in a larger 
metallic case, called a jacket, and the intervening 
part is kept filled with steam, so that the cylinder 
itself is in a sort of steam-bath, and suffers no di- 
minution of temperature. 

The lever T T of this steam-engine you will ob- 
serve is of a very different construction from that 
of Newcomens’ : instead of a cumbrous beam of 
w ood, it consists of a plate of iron, stengthened by 
three ribs or bars of iron, to the central one of 
which is attached tlie several rods 1, 2, 3, 4, which 
work the piston of the cylinder, and those of the 
pumps, and finally the rod ,5, which is the opera- 
tive power of the machine. This was another im- 
provement of Mr. Watt : he also added a fly- 
wheel U, the effect of which, you may recollect, is 
to equalize the motion of a machine, and render it 
uniform 

CAROLINE. 

This must be peculiarly applicable to a steam- 
• See Conversations on Natural Philosophy, p. 140, 
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engine whose motion must necessarily be accele- 
rated every time the furnace is replenished with 
fuel, and retarded when the fuel begins to be ex- 
pended. 

MRS. B. 

This irregularity is equalized by another contri- 
vance, which 1 shall presently explain to you. The 
chief purpose of the fly-wheel is to carry on the 
action of the machine during an instant that occurs 
at every stroke of the piston, when the steam is ex- 
cluded from the cylinder. We have observed that 
the power varies in intensity, being strongest when 
the piston is in the position in which it is described 
in plate VIII, which is called being at half stroke ; 
one of the passages for the steam is then entirely 
open, and the other completely closed ; when the 
piston moves either above or below this point, the 
two passages are but partially opened or closed ; 
and when it reaches either the top or the bottom of 
the cylinder for an instant all the passages are 
closed, then it is that the operation of the fly-wheel 
is essential ; its inertia carries on the action of tlie 
lever during the instant that tlie action of the steam 
ceases ; tliis is called the dead-lift^ and did not the 
fly-wheel overcome the difficulty, the engine might 
be stopped. 

The contrivance by means of which the quantity 
of steam that enters into the cylinder from the 
boiler is regulated, I shall now explain to you. 6 is 
a valve in the steam pipe c, called a throttle-valve, 
because it enlarges or diminishes the throat or 
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passage in order to regulate the quantity of steam, 
so as to make the piston move with the degree 
of velocitj required. 

CAROLINE. 

But one would suppose the valve must be en- 
dowed with intelligence to enable it to proportion 
its aperture to the quantity of steam required ? 

MRS. B. 

That intelligence alone belongs to man ; his skill 
transfers it mechanically to inanimate matter, in a 
manner so wonderful, that it is true, it sometimes 
appears as if it inspired these materials with reason. 

EMILY. 

After having carried our ingenuity so far as to 
make a few piecesof metal, cut out in different forms, 
and adjusted together, shew us the hour of the day, 
and even call out and tell it to us, we can be sur- 
prised at no mechanical invention ; and it appeared 
to me quite natural that the Chinese, in Captain 
Halfs Toyage to Loo Choo, should have supposed 
a watch to have been alive. 

MRS. B. 

But to return to the regulator of the steam-en- 
gine, it was Mr. Watt who first contrived to make 
this throttle- valve self-acting; by adjusting it so, 
that when the piston was moving with too great 
velocity it would contract and admit less steam into 
the cylinder, and thus dimmish the speed of the 
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machine. And when, on the contrary, it was moving 
too slowly, it would enlarge and admit a greater 
quantity of steam, and thus accelerate its velocity. 

The two balls a a, Plate VII, are so adjusted 
that the motion of the piston makes them revolve 
round the spindle b. When the piston moves with 
proper celerity, these balls, during their revolutions, 
will remain at the distancefrom each other described 
in the plate ; but what will occur if the velocity of 
the piston be increased ? 

EMILY. 

If you increase the cause, the effect will be in- 
creased in proportion ; the velocity of the bulls will 
be accelerated, and their centrifugal force conse- 
quently augmented, so that they will recede further 
from each other. 


MRS. B. 

Very well ; now these balls are connected with 
the throttling-valve 6 by means of the rods c d, in 
such a manner that when the balls recede from 
each other, the rods c and d are a little elevated, 
and the valve, w’hich is a thin vane moving upon a 
pivot, presents its face to the stream of steam is- 
suing from the boiler, and in a great measure op- 
poses its passage by almost closing the pipe. When, 
on the contrary, the piston moves too slowly, the 
motion of the balls being retarded, and their cen- 
trifugal force diminished, they approach each other, 
the rods c and d are depressed, and the valve 
moving on its pivot is turned edgeways towards 



STEAM-ENGINE. 


167 


the steam, and thus leaves it a free passage. This 
apparatus, which regulates the throttle- valve, is 
called the governor. 

EMILY. 

It is a very ingenious contrivance, but Mrs. B., 
there is something which still perplexes me. The 
motion of the ends of the lever-beam is in a curve 
line, yet the piston must move uj) and down in a 
straight line: now, how can a power moving in a 
curve line, prcnluce motion in a straight line in an- 
other body? 

MRS. B. 

This was attended w’ith some diflRculty, but the 
indefatigable ingenuity of Mr. Watt discovered a 
means of overcoming it, called the parallel motion. 
He adjusted a system of levers e, f, g, h, in such a 
manner, that though the lever beam in its rising 
and falling described the arc of a circle, that of the 
piston was rectilinear ; but this piece of mecha- 
nism it wmuld take us mucli time to explain. 

EMILY. 

Pray how are the high pressure engines con- 
structed, which have been described as so dan- 
gerous? 

MRS. B. 

They act on the same principle as that we have 
just examined ; but, instead of being furnished with 
a condenser and air pump, the steam is allowed to 
escape from the cylinder into the open air ; this 
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communication with the atmosphere renders it 
necessary that the steam should have a much great- 
er force than the pressure of the atmosphere, as it 
must counterbalance that pressure before it can act 
upon the piston. We know from experiment that 
steam rising from water, heated to the boiling point 
or the temperature of 212® of Fahrenheit will ba- 
lance the pressure of the atmosphere ; or, which is 
the same thing, press against the piston with a force 
equal to nearly 15lb6. on every square inch; 2lbs. 
above this, 1 7lbs. is the force employed in the con- 
densing or low pressure engines ; but in those 
which have no condenser the water in the boiler is 
heated considerably beyond the boiling point, 
acquires a very great expansive force, and exerts a 
proportional pressure on the piston ; it is some- 
times carried so far as to work the piston with a 
pressure of 60 or 80lbs. on every square inch. 
This highly elastic steam entering alternately at 
each end of the cylinder, will drive tlie piston 
backwards and forwards notwithstanding the pres- 
sure of the atmosphere; and no condenser being 
used, the steam escapes through a tube called a 
waste-pipe. It is easy to conceive that the greater 
the elasticity of the steam, the greater is the 
chance of the boiler bursting ; but the cheapness 
of these engines owing to the simplicity of their 
construction, and tlie convenience of occupying a 
comparatively small space, makes them still occa- 
sionally adopted. 
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EMILY. 

The additional quantity of fuel required to bring 
the water to so high a temperature, and the total 
loss of the steam, would, I should have thought, 
more than have counterbalanced the advantage ot 
cheapness in the original cost of the engine. 

MRS. B. 

In coal mines, in which such engines have been 
used, the quantity of fuel is scarcely a consider- 
ation. 

Witliin these few years, Mr. Wolfe has con- 
structed an engine, consisting of the high-pressure, 
and the condensing engine united together. The 
steam of the first instead of being lost, is conve}’ed 
into the condensing engine, simply by connecting 
the cylinders of the two engines by a pipe, which 
conveys tlie steam from the one to the other ; 
acting as a waste-pipe to carry off the steam from 
the high-pressure engine, and as a steam-pipe to 
convey it into the condensing engine. He has 
besides diminished the danger of high pressure 
veiy cotisiderably, by constructing the boilers 
t itlier of wrought iron or of copper, instead of cast 
iron. In ca>es of accident, the former gradually 
rend, producing a less violent explosion than the 
latter, which suddenly burst. Besides, the ordi- 
nal*}’ safety valves formed of thin copper, and with- 
out any external orifice, are usually adapted to these 
engines; for the same reason, plugs, made of a 
very fusible alloy of lead, bismuth, and tin, which 

VOL. I. I 
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melt if the heat exceed the temperature required, 
are occasionally inserted in the bottom of the 
boiler. 

Engines of this description have been applied by 
Mr. Wolfe to working the mines in Cornwall, 
and the economy in fuel is such, that this combi- 
nation of the two engines is considered as one of 
the most useful improvements that have been made 
since the time of Mr. Watt. 

CAROLINE. 

Pray, why is the engine of Mr. Watt, which you 
have described to us, called a double steam-engine ? 

MRS. B. 

It is in order to distinguish it from those of a 
different construction, which he first made, and 
which bear the name of single engines, owing to the 
the steam being introduced only above the piston, 
and used to force it down, instead of the atmo- 
spheric pressure, which, as I before observed, w'as 
attended with the inconvenience of cooling the cy- 
linder, and the piston was afterwards raised by a 
counterpoise at the opposite end of the lower beam. 
The steam in this case acts on the piston only at 
evefy other stroke of the lever, only half the quan- 
tity of steam is used, but then only half, or less than 
half the power is obtained ; it is in consequence of 
those engines (on which the steam acts both above 
and below the piston) performing double the quan- 
tity of work, that they have acquired the name of 
double engines. 
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I shall not risk fatiguing you with an account of 
the manner in which the engine is adapted to steam 
boats, to loco-motive carriages, or the various other 
purposes to wliich it is applied. If you compre- 
hend the principle of its action, it is easy to con- 
ceive that it may be so modified, as to render it 
applicable to wheels, or any other mechanical power 
whatever. 

I cannot conclude this subject better than in 
the words of Mr. Stuart, who has lately publish- 
ed a descriptive history of the steam-engine : — 

We have said that Mr. Watt was the great im- 
prover of the steam-engine ; but in truth, as to 
all that is admirable in its structure, or vast in 
its utility, he should rather be described as its 
inventor. It was by his invention that its action 
w^as so regulated as to make it capable of being ap- 
plied to the finest and most delicate manufactures, 
and its power so increased as to set weight and so- 
lidity at defiance. By his admirable contrivances, 
it has become a thing alike stupendous for its force 
and its flexibility : for the prodigious powers which 
it can exert, and the ease, precision, and ducti- 
lity with which they can be varied, distributed, and 
applied. The trunk of an elephant that can pick 
up a pin, or rend an oak, is nothing to it ; it can 
engrave a seal, and crush masses of obdurate metal 
like wax before it; draw out, without breaking, a 
thread as fine as a gossamer, and lift a ship of war 
like a bubble in the air. It can embroider muslin, 
forge anchors, cut steel into ribands, and impel 
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loaded vessels against the fury of the winds and 
waves. 

‘Mt would be difficult to estimate the value of 
the benefits which these inventions have conferred 
upon the country. There is no branch of industry 
that has not been indebted to them ; and in all 
the most material, they have not only widened most 
magnificently the field of its exertions, but multi- 
})lied a thousand-fold the amount of its productions. 
It is our improved stcam-enfyine that has fought the 
battles of Europe, and exalted and sustained, 
through the late tremendous contest, the political 
greatness of our land. It is the same great power 
that now enables us to pay the interest of our debts, 
and to maintain the arduous struggle in which we 
are still engaged, against the skill and capital of all 
other countries. But these are poor and narrow 
views ol its im{)ortance. It has increased indefinitely 
the mass of human comforts and enjoyments, and 
rendered cheap and accessible, all over the world, 
the materials of wealth and prosperity. It has 
armed the feeble hand of' man, in short, with a 
power to which no limits can be assigned, com- 
pleted the dominion of mind over matter, and laid 
n sure foundation for all those future miracles of 
meclianic power which are to aid and reward the 
abour of after-generations.” 
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CONVERSATION VI. 

ON THE CHEMICAL AGENCIES OF ELECTKICITY. 


Mils. B. 

It will now be necessary to give you some account 
of certain properties of electricity, which have of 
late years been discovered to have an essential con- 
nection with the phenomena of chemistry. 

1 have already informed you that the opposite 
states of electricity have been conjectured to be the 
cause of chemical attraction ; what I now allude to 
is the influence of the voltaic battery, of which you 
have heard such wonders, 

EMILY. 

We have indeed, but without understanding 
tliem, and I should be delighted to hear them ex- 
plained. Electricity is, I believe, the third impon- 
derable agent in the first class ? 

MRS. B. 

I have placed electricity in that class, f&ther 
from the necessity of classing it somewhere, than 
from any conviction that it has a right to that situ- 
ation ; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only 
whether it is simple or compound, but whether it 
is in fact a material agent; or as Sir H. Davy has 
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hinted, whether it may not be merely a property 
inherent in matter. As, Imwever, it is necessary 
to adopt some hypothesis, for the explanation of 
the discoveries which this agent has enabled us to 
make, I have chosen the opinion, at present most 
prevalent, which supposes the existence of two 
kinds of electricity, distinguished by the name of 
positive and negative electricity. 

CAROLINE. 

Well, 1 must confess, I do not feel nearly so 
interested in a science where so much uncertainty 
prevails, as in those which rest upon established 
principles. I never was fond of electricity, be- 
cause, however beautiful and curious the pheno- 
mena it exhibits may be, the theories, by which 
they were explained, appeared to me so various, 
so obscure and inadequate, that I always remained 
dissatisfied. 1 was in hopes that the new disco- 
veries in electricity had thrown so great a light on 
the subject, that every thing respecting it would 
now have been clearly explained. 

MRS. B, 

That is a point which we are yet far from hav- 
ing attained. But, in spite of the imperfection 
of our theories, you will be amply repaid by the 
importance and novelty of the subject. The num- 
ber of new facts which have already been ascer- 
tained and the immense prospect of discovery 
which has lately been opened to us, will, I hope, 
ultimately lead to a perfect elucidation of this 
branch of natund science ; but at present you must 
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be contented with studying the effects, and in some 
degree explaining the phenomena, without aspir- 
ing to a precise knowledge of the remote cause of 
electricity. 

You have already obtained some notions of elec- 
tricity : in our present conversation, therefore, I 
shall confine myself’ to tliat part of the science 
which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance 
which first gave rise to this new branch of physi- 
cal science. Galvani, a professor of natural philo- 
sophy at Bologna, being engaged (about thirty 
years ago) in some experiments on muscular irri- 
tability, observed, that when a piece of metal was 
laid on the nerve of a frog, recently dead, whilst the 
limb supplied by that nerve rested upon some other 
metal, the limb suddenly moved, on a communica- 
tion being made between the two pieces of metal. 

EMILY. 

How is this communication made ? 

MRS. B. 

Either by bringing the two metals into contact, 
or by connecting them by means of a metallic con- 
ductor. But without subjecting a frog to any cruel 
experiments, I can easily make you sensible of this 
kind of electric action. Here is a piece of zinc, 
(one of the metals I mentioned in the list of ele- 
mentary bodies) — put it under your tongue, and 
this piece of silver upon your tongue, and let both 
the metals project a little beyond the tip of the 
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tongue ; — very well ; — now make the projecting 
parts of the metals touch each other, and you will 
instantly perceive a peculiar sensation. 

EMILY. 

Indeed I did; a singular taste, and I think a 
degree of heat ; but I can hardly describe it. 

MRS. B. 

The action of these two pieces of metal on the 
tongue is, I believe, precisely similar to that made 
on the nerve of the frog. I shall not detain you 
by a detailed account of the theory by which Galvan i 
attempted to explain this fact, as it was soon over- 
turned by subsequent experiments, which proved 
that Galvanism (the name this new power had ob- 
tained) was nothing more than electricity. Galvani 
supposed that the virtue of this new agent resided 
in the nerves of the frog; but Volta, who prose- 
cuted this subject with much greater success, show- 
ed that the phenomena did not depend on the 
organs of the frog, but upon the electrical agency 
of the metals, which is excited by the moisture of 
the animal, the organs of the frog being only a 
delicate test of the presence of electric influence. 

CAROLINE. 

I suppose, then, the saliva of the mouth answers 
the same purpose as the moisture of the frog, in 
exciting the electricity of the pieces of silver and 
zinc with which Emily tried the experiment on her 
tongue ? 

MRS. B. 

Precisely. It does not appear, however, neces'^ 
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sary that the fluid used for this purjiose should be 
of an aniinal nature : water, and acids very much 
diluted by water, are found to be the most effectual 
in promoting the developement of electricity in 
metals; and, accordingly, the original apparatus 
which Volta first constructed for this purpose, 
consisted of a pile or succession of plates of zinc 
and copper, each pair of which was connected by 
pieces of cloth or j)aper impregnated with water ; 
and this instrument, from its original inconvenient 
structure and limited strength, has gradually ar- 
rived at its present state of power and improvement, 
such as is exhibited in the Voltaic battery. In this 
apparatus, a specimen of which you see before you 
(Plate jlX. fig. 1.), the plates of zinc and copper 
are soldered together in pairs, each pair being 
placed at regular distances in wooden troughs, and 
the interstices being filled with fluid. 


CAROLINE. 

Though you will not allow us to inquire into liie 
precise cause of electricity, may we not ask in what 
manner the fluid acts on the metals so as to pro- 
duce it ? 

MRS. B. 

The action of the fluid on the metals, whether 
water or acid be used, is entirely of a chemical na- 
ture. But whether electricity is excited by this 
chemical action, or whether it is produced by the 
contact of the two metals, is a point upon which 
philosophers do not yet perfectly agree. 
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EMILY. 

But can the mere contact of two metals, without 
any intervening fluid, produce electricity ? 

MRS. B. 

Yes, if they are afterwards separated. It is an 
established fact, that when two metals are placed in 
contact, and afterwards separated, that which has 
the strongest attraction for oxygen exhibits signs 
of positive, the other of negative electricity. 

CAROLINE. 

It seems, then, but reasonable to infer that the 
power of the Voltaic battery should arise from the 
contact of the plates of zinc and copper. 

MRS. B. 

It is upon this principle that Volta and Sir H. 
Davy explain the phenomena of the pile : but not- 
withstanding these two great authorities, many phi- 
losophers entertain doubts on the truth of this 
theory. The chief difficulty which occurs in ex- 
plaining the phenomena of the Voltaic battery on 
this principle is, that two such plates show no signs 
of different states of electricity whilst in contact, 
but only on being se})arated after contact. Now, 
in the Voltaic battery, those plates which are in 
contact always continue so, being soldered together: 
and they cannot, therefore, receive a succession of 
charges. Besides, if we consider the mere disturb- 
ance of the balance of electricity by the contact of 
tile plates, as the sole cause of the production of 
Voltaic electricity, it remains to be explained how 
this disturbed balance becomes an inexhaustible 
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source of electrical energy, capable of pouring 
fortli a constant and copious supply of electrical 
fluid, though without any means of replenishing 
itself from other sources. This subject, it must be 
owned, is involved in too much obscurity to enable 
us to speak very decidedly in favour ot any theory. 
But, in order to avoid perplexing you with differ- 
ent explanations, I shall confine myself to one 
which appears to me to be least encumbered with 
difficulties, and most likely to accord with truth*. 

This theory supposes the electricity to be excited 
by the chemical action of the acid on the zinc ; but 
you are yet such novices in chemistry, that I think 
it will be necessary to give you some previous ex- 
planation of the nature ol this action. 

Ail metals have a strong attraction for oxygen ; 
and this element is found in great abundance, both 
in water and in acids. The action of the diluted 
acid on the zinc consists, therefore, in its oxygen 
combining with it, and dissolving its surface. 

CAROLINE. 

In the same manner, I suppose, as we saw an 
acid dissolve copper? 

This mode of explaining the phenomena of the Voltaic 
pile is called the chemical theory of electricity, because it 
a&cribes the cause of these phenomena to certain chenkical 
changes which take place during their appearance. The mode 
which is here sketched was long since suggested by Dr. Bos* 
tock, who has lately ( 1818 ) published “An Account of the 
History and present State of Galvanism which contains a 
fuller and more complete statement of his opinions, and those 
of other writers on the subject, than any of his former papers. 
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MRS. B. 

Yes ; but in the Voltaic battery the diluted acid 
is not strong enough to produce so complete an 
effect : it acts only on the surface of the zinc, to 
which it yields its oxygen, forming upon it a film 
or crust, which is that compound of the oxygen 
and the metal, we have called an oxide. 

EMILY. 

Since there is so great a chemical attraction be- 
tween oxygen and metals, I suppose they are na- 
turally in different states of electricity. 

MRS. n. 

Yes : it appears that all metals are united with 
the positive, and oxygen, you may recollect, I have 
already told you, is the grand source of the nega- 
tive electi icity. 

CAROLINE. 

Does not, then, the acid act on the plates of 
copper, as well as on those of zinc ? 

MRS. B. 

No : for though copper has an affinity for oxy- 
gen, it is less strong than that of zinc ; and there- 
fore the energy of the acid is only exerted upon 
the zinc. 

It will be best, I believe, in order to render the 
action of the Voltaic battery more intelligible, to 
confine our attention at first to the effect produced 
oil two plates only. (Plate IX. Fig. 2.) 

If a plate of zinc be placed opposite to one of 
copper, or any other metal less attractive of oxy- 
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gen, and the space between them (su})pose of half 
an inch in thickness), be filled with an acid or any 
fluid capable of oxidating the zinc, the oxidateil 
surface will have its capacity for electricity dimi- 
nished, so that a quantity of electricity will be 
evolved from tliat surface. This electricity will be 
received by the contiguous fluid, by which it will 
be transmitted to the opposite metallic surface, the 
cop})er, which is not oxidated, and is therefore dis- 
posed to receive it; so that the copper plate will 
thus become positive, whilst the zinc plate will be 
in the negative slate. 

This evolution of electrical fluid, how ever, w'ill be 
very limited ; for as these two plates admit of but 
very little accumulation of electricity, and are sup- 
posed to have no communication wdth other bodies, 
the action of the acid, and further development of 
electricity, will be immediately stopped. 

EMILY. 

This action, 1 suppose, can no more continue 
than that of a common electrical machine, which is 
not allowed to communicate with other bodies? 

MILS. B. 

Precisely: the common electrical machine, when 
excited by the friction of tlie rubber, gives out 
both the positive and negative electricities. — 
(Plate IX. Fig. 3.) The positive, by the rotation 
of the glass cylinder, is conveyed into the con- 
ductor, whilst the negative goes into the rubber. 
But, unless there is a communication made between 
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the rubber and the ground, a very inconsiderable 
quantity of electricity can be excited : for the rub- 
ber, like the plates of the battery, has too small a 
capacity to admit of an accumulation of electricity. 
Unless, therefore, the electricity can pass out of 
the rubber, it will not continue to go into it, and, 
consequently, no additional accumulation will take 
place. Now, as one kind of electricity cannot be 
given out without the other, the development of 
the positive electricity is stopped as well as that of 
the negative, and the conductor, therefore, cannot 
receive a succession of charges. 

CAROLINE. 

But does not the conductor, as well as the rub- 
ber, require a communication with the earth, in 
order to get rid of its electricity ? 

MRS. B. 

No : for it is susceptible of receiving and contain- 
ing a considerable quantity of electricity, as it is 
much larger than the rubber, and therefore has a 
greater capacity ; and this continued accumulation 
of electricity in the conductor is what is called a 
charge. 

EMILY. 

But when an electrical machine is furnished with 
two conductors to receive the two electricities, 1 
suppose no communication with tlie earth is re- 
quired ? 

MRS. B. 

Certainly not, undl the two are fully charged; 
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Ibr the two conductors will receive equal quantities 
of electricity. 

CAROLINE. 

I thought the use of the chain had been to con- 
vey the electricity frcmi the ground into the ma- 
chine ? 

MRS. B. 

That was the idea of Dr. Franklin, wlio sup- 
jK)sed that there was but one kind of electi icity, and 
who, by the terms positive and negative (which he 
first introduced), meant only diflerent quantities of 
the same kind of electricity. The chain was in 
that case supposed to convey electricity from the 
ground through the rubber into the conductor. 
But as we have adopted the hypothesis of two elec- 
tricities, we must consider the chain as a vehicle to 
conduct the negative electricity into the earth. 

And are both kinds produced whenever electri- 
city is excited ? 

MRS. B. 

Yes, invariably. If you rub a tube of glass with 
a woollen cloth, the glass becomes positive, and the 
cloth negative. If, on the contrary, you excite a 
stick of sealing-wax by the same means, it is the 
rubber which becomes positive, and the wax neira- 
live. 

But with regard to the voltaic battery, in order 
that the acid may act freely on the zinc, and the 
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two electricities be given out without interruption, 
some method must be devised, by which the plates 
may part with their electricities as fast as they 
receive them. — Can you think of any means by 
which this might be effected ? 

EMILY. 

Would not two chains or wires, suspended from 
either plate to the ground, conduct the electricities 
into the earth, and thus answer the purpose ? 

MRS. B. 

It would answer the purpose of carrying off the 
electricity, I admit ; but recollect, that though it is 
necessary to find a vent for the electricity, yet we 
must not lose it, since it is the power which we are 
endeavouring to obtain. Instead, therefore, of con- 
ducting it into the ground, let us make the wires, 
from either plate, meet: the two electricities will 
thus be brought together, and will combine and 
neutralize each other ; and as long as this commu- 
nication continues, the two plates Imving a vent for 
their respective electricities, tlie action of the acid 
will go on freely and uninterruptedly. 

EMILY. 

That is very clear, so far as two plates only are 
concerned ; but I cannot say I understand how the 
energy of the succession of plates, or rather pairs 
of plates, of which the galvanic trough is composed, 
is propagated and accumulated throughout a bat- 
tery ? 
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MRS. B. 

In order to show you how the intensity of the 
electricity is increased by increasing the number of 
plates, we will examine the action of four plates ; if 
you understand these, you will readily comprehend 
that of any number whatever. In this figure 
(Plate IX. Fig. 4.), you will observe that the two 
central plates are united : they are soldered to- 
gether (as we observed in describing the Voltaic 
trough) so as to form but one plate, which offers 
two different surfaces ; the one of copper, the other 
of zinc. 

Now you recollect, that, in explaining the action 
of two plates, we supposed tliat a quantity of elec- 
tricity was evolved from the surface of the first zinc 
plate, in consequence of the action oi’ the acid, and 
was conveyed by the inteq>oscd fluid to the copper 
plate No. 2, which thus became positive. This 
copper plate communicates its electricity to the 
contiguous zinc plate No, 3, in which, conse- 
quently, some accumulation of electricity takes 
place. When, therefore, the fluid in the next cell 
acts upon tlie zinc plate, electricity is extricated 
from it in larger quantity, and in a more concen- 
trated form, than before. This concentrated elec- 
tricity is again conveyed by the fluid to the next 
pair of plates, Nos. 4 and 5, when it is further in- 
creased by the action of the fluid in the tliird cell, 
and so on, to any number of plates, of which the 
battery may consist ; so that the electrical energy 
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will continue to accumulate in proportion to the 
number of double plates, the first zinc plate of the 
series being the most negative, and the last copper 
plate the most positive. 

CAROLINE. 

But does the battery become more and more 
strongly charged, merely by being allowed to stand 
undisturbed ? 


MRS. B. 

No : for the action will soon stop, as was ex- 
plained before, unless a vent be given to the accu- 
mulated electricities. This is easily done, however, 
by establishing a communication by means of the 
wires (Fig. 1.) between the two ends of the bat- 
tery: these being brought into contact, the two 
electricities meet and neutralize each other, pro- 
ducing the shock and other effects of electricity : 
and the action goes on with renewed energ}^, being 
no longer obstructed by the accumulation of the 
two electricities which impeded its progress. 

EMILY. 

Is it the union of the two electricities which pro- 
duces the electric spark ? 

MRS. B. 

Yes ; and it is, I believe, this circumstance which 
gave rise to Sir H. Davy’s opinion, that caloric may 
be a compound of the two electricities. 
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CAROLINE. 

Yet, surely caloric is very different from tlie 
electrical spark ? 

MRS. B. 

Tlie difference may consist, probably, only in 
intensity ; for tlie lieat of tlie electric spark is con- 
siderably more intense, though confined to a very 
minute spot, than any heat we can produce by other 
means. 

EMILY. 

Is it quite certain that the electricity of the Vol- 
taic battery is jirecisely of the same nature as that 
of the common electrical machine ? 

MRS. B. 

Lhidoubtedly : the shock given to the human 
body, the spark, the circumstance of tlie same sub- 
stances which are conductors of the one being also 
conductors of the other, and of those bodies, such 
as glass and sealing-wax, which are non-conductors 
of the one, being also non-conductors of the other, 
are striking proofs of it. Besides, Sir H. Davy 
has shown, in his Lectures, that a Leyden jar, and 
a common electric battery, can be charged with 
electricity obtained from a Voltaic battery, the 
effect produced being perfectly similar to that ob- 
tained by a common machine. 

Dr. Wollaston has likewise proved that similar 
chemical decompositions are effected by the electric 
machine and by the Voltaic battery ; and has made 
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Other experiments which render it highly probable, 
that the origin of both electricities is essentially the 
same, as they show that the rubber of the common 
electrical machine, like the zinc in the Voltaic bat- 
tery, produces the two electricities by combining 
with oxygen. 

CAROLINE. 

But I do not see whence the rubber obtains oxy- 
gen, for there is neither acid nor water used in 
the common machine; and I always underst(X)d 
tliat the electricity was excited by the friction. 

MRS. B. 

It appears that by friction the rubber obtains 
oxygen from the atmosphere, which is partly com- 
posed of that element. The oxygen combines with 
the amalgam of the rubber, which is of a metallic 
nature, much in the same way as the oxygen of the 
acid combines with the zinc in the Voltaic battery, 
and it is tlius that the two electricities are disen- 
gaged. 

CAROLINE. 

But if the electricities of both machines are simi- 
lar, why not use the common machine for chemical 
decompositions ? 

MRS. B. 

Though its effects are similar to those of the 
Voltaic battery, they are incomparably weaker. 
Indeed Dr. Wollaston, in using it for chemical 
decompositions, was obliged to act upon the most 
minute quantities of matter, and though tlie result 
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was satisfactory in proving the similarity of its 
effects to those of the Voltaic battery, these effects 
were too small in extent to be in any considerable 
degree applicable to chemical decomposition. 

CAROLINE. 

How terrible, then, the shock must be, from a 
Voltaic battery, since it is so much more powerful 
than an electrical machine ! 

MRS. B. 

It is not near so formidable as you think ; at 
least it is by no means proportional to the chemical 
effect. The great superiority of the Voltaic buttery 
consists in the large quayitify of electricity that 
passes ; but in regard to the rapidity or intensity ol' 
the charge, it is greatly surpassed l)y the common 
electrical machine. It would seem that the shock 
or sensation depends chiefly upon the intensity ; 
whilst, on the contrary, for chemical purposes, it is 
quantity which is required. In the Voltaic battery 
the elect) icity, though copious, is so w eak as not to 
be able to force its way through the fluid which 
> .j^uiates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

CAROLINE. 

Would it not be possible to increase tlie intensity 
of tlie V^oltaic battery till it should equal that of the 
common machine ? 

MRS. B. 

ft can actually be increased till it imitates a weak 
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ele<5trical machine, so as to produce a visible spark 
ivhen accumulated in a Leyden jar. But it can 
never be raised sufficiently to pass through any 
considerable extent of air, because of the ready 
communication through the fluids employed. 

By increasing the number of plates of a battery, 
you increase its intensity^ whilst, by enlarging the 
dimensions of the plates, you augment its quantity ; 
and as the superiority of the battery over the com- 
mon machine consists entirely in the quantity of 
electricity produced, it w'as at first supposed that it 
was the size, rather than the number of plates that 
was essential to the augmentation of power. It was, 
however, found upon trial, that the quantity of 
electricity produced by the Voltaic battery, even 
when of a very moderate size, was sufficiently co- 
pious, and that the chief advantage in this apparatus 
was obtained by increasing the intensity, which, 
however, still falls very short of that of the com- 
mon machine. 

I should not omit to mention, that a very splen- 
did, and, at the same time, most powerful batter}^, 
was, a few years ago, constructed under the direc- 
tion of Sir II. Davy, which he repeatedly exhi- 
bited in his course of electro-chemical lectures. It 
consists of two thousand double plates of zinc and 
copper, of six square inches in dimensions, arrang- 
ed in troughs of Wedgwood- ware, each of which 
contains twenty of these plates. The troughs are 
furnished with a contrivance for lifting the plates 
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out of them in a very convenient and expeditious 
manner*. 

CAROLINE. 

Well, now that we understand the nature of the 
action of the Voltaic battery, I long to hear an 
account of the chemical discoveries to which it has 
given rise. 

MRS. B. 

You must restrain your impatience, my dear, 
for I cannot with any propriety introduce the sub- 
ject of these discoveries till we come to them in the 
regular course of our studies. There is, however, 
n recent discovery respecting the VolUiic pile, which, 
though not immediately connected with chemistry, 
is too curious to be passed over in silence. It 
relates to the influence of electricity on magnetism, 
lately discovered by a Danish philosopher, Mr. 
Oersted. 


CAROLINE. 

What ! animal magnetism ? I thought there 
was no truth in that art. 

MRS. B. 

Nor is there I believe ; it is only to the magnetic 
needle I allude. You already know something of 
the wonderful property of the magnetic needle to 
direct one of its extremities towards the north ; and 
you may easily conceive how interesting any new 

^ A model of this mode of construction is exhibited in 
Plate XVI. Fig. 1. 
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fact relating to this truly mysterious agent must be 
to science. The fact that was first discovered is tliis : 
if a Voltaic battery be so placed as to have its ne- 
gative pole directed towards the south, and its 
positive one towards the north, a communication 
being at the same time established over the battery, 
between its two poles, by means of a metallic wire ; 
and if a magnetic needle be suspended just above 
the wire, and in a j)arallel direction, the needle 
will immediately tnove round upon its pivot, its 
northern extremity directing itself towards the 
more or less, according to the energy of the 
pile, while, on tlie other hand, if the magnetic 
needle be placed hclovc the Voltaic conductor, it 
will likewise begin to move round, but its north 
pole will, in this case, point towards the eo$i. 

EMILY. 

How curious this is ! and pray how is this sin- 
gular effect explained ? 

MRS. B. 

It is one of the most intricate points of natural 
science, and one upon which philosophers can yet 
offer but very uncertain conjectures. Several of 
the most eminent scientific men, however, are 
earnestly engaged in investigating the subject, and 
it is to be hoped, that some important discovery 
may yet be made. In the mean time they have 
already ascertained many curious facts illustrative 
of the influence which electricity and magnetism 
exert upon each other. The wire connecting the 
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two ends of a Voltaic battery is found, during the 
passage of the electricity through it, to attract iron 
filings, and keep them adhering to it, as long as 
the electric current is kept up. The wire is also 
capable of giving permanent magnetism to needles 
or bars of steel. A most remarkable circumstance 
is, that these effects take place when the connecting 
wire is of platina, silver, copper, or indeed any 
other metal, as well as when it is an iron or steel 
wire. 

EMILY. 

This is indeed surprising. I had always thought 
iron was the only metal that possessed magnetic 
properties. 

MRS. B. 

You may still consider iron and steel as the only 
substances which can acquire permanent magne- 
tism. For the platina, or other conducting wire 
in these experiments, is merely the vehicle of the 
magnetic influence ; which influence properly be- 
longs to the electricity that passes through it. 
Hence all the magnetic effects which it exhibits, 
such as the attraction of iron filings, the induction 
of magnetism on soft iron, and its action on the 
poles of a magnet, cease the instant the electric 
circuit is interrupted. 

EMILY. 

Do the conducting wires of the battery act upon 
a magnet placed near it, in the same way as an- 
other magnet would act upon it ? 

VOL. I. K 
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MRS. B. 

No, they act very differently. The wire has 
not, like a magnet, any north or south poles ; and 
its action is not exerted in lines parallel to itself, 
but in a direction transverse, or at right angles to 
itself; and it is excited equally on all sides. It 
may therefore be considered as acting in the cir- 
cumference of circles, having the wire in their 
centres. This explains why the effect produced 
on either pole of a magnetic needle placed above, 
or on one side of the wire, is just the reverse of 
what takes place when the same pole is placed 
below, or on the other side of the wire. 

The observation of this law suggested to Dr. Wol- 
laston, that each pole of a magnet must have 
a tendency to revolve round the wire through 
which a current of electricity is passing : and also 
that the wire itself must tend to revolve round the 
poles of a magnet. Mr. Faraday has contrived a 
very ingenious apparatus for exhibiting the actual 
revolutions of the magnet round the wire, and of 
the wire round the magnet : and he has even suc- 
ceeded in rendering sensible the motions of this 
kind produced by the magnetism of the earth. 

Sir H. Davy found that, in consequence of the 
same law, when an electric current is made to pass 
through mercury, between the dissimilar poles of 
two adjacent magnets, the particles of mercury obey 
this rotatory influence, and moving rapidly in cir- 
cles, form small whirlpools on the surface. 



ELECTRO-CHEMISTRY. 


195 


EMILY. 

You said that a needle may be made magnetic 
by the wire of a Voltaic battery. Pray how can 
this be done ? 

MRS. B. 

If a steel needle be placed in tlie direction of the 
magnetic influence, that is hansx^crscly upon the 
wire, the needle will in a few seconds become mag- 
netic, so as to be capable of attracting and repelling 
iron like a magnet. The most effectual mode, 
however, of communicating magnetism to the 
needle, is to turn the wire, through which the elec- 
tricity is to be transmitted, into a cylindrical spiral, 
taking care that the coils do not touch each other ; 
and then to introduce a needle within the coils, but 
so as not to touch any one of them. The needle 
will then immediately become magnetic, as 1 shall 
easily shew you the first time we set the Voltaic 
pile in action ; for it is now too much exhausted to 
produce the effects in question. 

Having now concluded our examination of the 
three imponderable agents, heat, light, and elec- 
tricity, we shall proceed to the second class, and 
oxygen will next come under our consideration. 

CAROLINE. 

We have already formed some acquaintance with 
oxygen during our conversation to day ; but what 
we have heard of it, only serves to heighten our 
curiosity. 
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MRS. B. 

To-day we shall examine the chemical proper- 
ties of the ATMOSrHERE. 

CAROLINE. 

I thought that we were first to learn the nature 
oF Oxygen, the great source of negative electricity. 

MRS. B. 

And so you shall ; the atmosphere being com- 
posed of two principles, Oxygen and Nitrogen, 
we shall proceed to analyse it, and consider its 
component parts separately. 

It is deviating in some measure from the order 
of our arrangement to introduce oxygen and ni- 
trogen to your acquaintance simultaneously, but 
their union in tlie atmosphere is so interesting, that 
they would botli lose by being treated of inde- 
pendently of each other. 

EMILY. 

I thought that the atmosphere had been a very 
complicated fluid, composed of all the variety of 
exhalations from the earth. 



OXYGEN AND NITROGEN. 


197 


MRS. B. 

Such substances may be considered rather as 
heterogeneous and accidental, than as forming any 
of its component parts ; and the proportion they 
bear to the whole mass is quite inconsiderable. 

Atmospherical air is composed of two gases, 
known by the names of oxygen gas and nitrogen 

or AZOTIC GAS. 

EMILY. 

Pray what is a gas ? 

MRS. B. 

The name of gas is given to any fluid capable of 
existing constantly in an aeriform state, under the 
pressure and at the temperature of the atmosphere. 

CAROLINE. 

Is not water, or any other substance, when eva- 
porated by heat, called gas ? 

MRS. B. 

No, my dear ; vapour is, indeed, an elastic fluid, 
and bears a strong resemblance to a gas; there are, 
however, several points in which they essentially 
differ, and by which you may always distinguish 
them. Steam, or vapour, owes its elasticity mere- 
ly to a high temperature, which is equal to that of 
boiling water. And it differs from boiling water 
only by being united with more caloric, which, as 
we before explained, is in a latent state. When 
steam is cooled, it instantly returns to the form of 
water ; but air, or gas, has never yet been rendered 
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liquid or solid by any degree of cold. It appears 
however, by some recent experiments of Mr. 
Faraday, that several bodies hitherto considered as 
permanent gases, may be reduced to the liquid 
form by subjecting them to great pressure in glass 
vessels. Under these circumstances carbonic acid, 
sulphureous acid, sulphuretted hydrogen, nitrous 
oxide, euchlorine, cyanogen, ammonia, chlorine, 
and the muriatic acid, assume the liquid form, and 
appear as limpid and highly mobile fluids. 

^ EMILY. 

And is it not probable, that other gases may be 
condensed by similar means, and that nitrogen, 
oxygen, and even hydrogen itself may become 
liquid, provided a sufficiently powerful compressing 
force could be applied ? 

MRS. B. 

Very probably, for Mr. Perkins has found that 
atmospheric air when subjected to a pressure of a 
thousand atmospheres is condensed into a liquid : 
and that a part even remains in a liquid state for 
some time after the removal of the compression. 
He has also found that acetic acid under this enor- 
mous pressure is made to crystallize. 

EMILY. 

But does not gas, as well as vapour, owe its 
elasticity to caloric ? 

MRS. B. 

This is the prevailing opinion; and the difference 
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between gas and vapour is thought to depend on 
the different manner in which caloric is united 
with the basis of these two kinds of elastic fluids. 
In vapour it is considered as in a latent state; in 
gas, it is supposed to be chemically combined. 

EMILY. 

When you speak, then, of the simple bodies 
oxygen and nitrogen, you mean to express those 
substances whicli are the basis of the two gases ? 

MRS. B. 

Yes, in strict propriety ; for they can properly 
be called gases only when brought to an aeriform 
state. 

CAROLINE. 

In what proportions are they combined in the 
atmosphere ? 

MRS. B. 

The oxygen gas constitutes a little more than 
one-fifth, and the nitrogen gas a little less than 
four-fifths. When separated, they are found to 
possess qualities totally different from each other: 
oxygen gas being essential both to respiration and 
combustion, while neither of these processes can be 
performed in nitrogen gas. 

CAROLINE. 

But if nitrogen gas be unfit for respiration, how 
does it happen that the large proportion of it which 
enters into tlie composition of the atmosphere is 
not a great impediment to breathing ? 
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MRS. B. 

We should breathe more freely than our lungs 
could bear, if we respired oxygen gas alone. The 
nitrogen is no impediment to respiration, and pro- 
bably, on the contrary, answers some useful pur- 
pose, though we do not know in what manner it 
acts in that process. 

EMILY. 

And by what means can the two gases which 
compose the atmospheric air be separated ? 

MRS. B. 

There are many ways of analysing the atmo- 
sphere ; the two gases may be separated first by 
combustion. 

EMILY. 

You surprise me ! how is it possible that com- 
bustion should separate them ? 

MRS. B. 

I should previously acquaint you, that till within 
a very few years, oxygen was supposed to be the 
only simple body naturally combined with negative 
electricity. Sir H. Davy has since added chlorine 
and iodine to that number, as 1 have already in- 
formed you, but these are bodies of very inferior 
importance. In all the other elements the positive 
electricity prevails, and they have consequently, all 
of them, an attraction for oxygen. 

CAROLINE. 

Yet how are the combinaUons of the other bo- 
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dies performed, if bodies are supposed to combine 
only in virtue of their opposite states of elec- 
tricity ? 

MRS. B. 

Ck)mpound bodies, in which oxygen prevails 
over the other component parts, are also negative, 
but their negative energy is greater or less in pro- 
portion as the oxygen predominates. Those com- 
pounds into which oxygen enters in less propor- 
tion than the other constituents, are positive, but 
their positive energy is diminished in proportion to 
the quantity of oxygen which enters into their 
composition. 

Bodies, therefore, which are not already com- 
bined with oxygen, will attract it, and, under cer- 
tain circumstances, will absorb it from the atmo- 
sphere, in which case the nitrogen gas will remain 
alone, and may thus be obtained in its separate 
state. 

CAROLINE. 

I do not understand how a gas can be absorbed. 

MRS. B. 

It is only the oxygen, or basis of the gas, which 
is absorbed ; and the two electricities escaping, that 
is to say, the negative from the oxygen, the positive 
from the burning body, unite and produce caloric. 

EMILY. 

And what becomes of this caloric ? 

MRS. B. 

We shall make this piece of dry wood attract 
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oxygen from the atmosphere, and you will see 
what becomes of the caloric. 

CAROLINE. 

You are joking, Mrs. B. ; you do not mean to 
decompose the atmosphere with a piece of dry 
stick ? 


MRS. B. 

Not the whole body of the atmosphere, certainly; 
but if we can make this piece of wood attract any 
quantity of oxygen from it, a proportional quan- 
tity of atmospherical air will be decomposed. 

CAROLINE. 

If wood has so strong an attraction for oxygen, 
why does it not decompose the atmosphere spon- 
taneously ? 

MRS. B. 

It is found by experience, that an elevation ot 
temperature is required for the commencement of 
the union of the oxygen and the wood. 

This elevation of temperature was formerly 
thought to be necessary, in order to diminish the 
cohesive attraction of the wood, and enable the 
oxygen to penetrate and combine with it more 
readily. But since the introduction of the new 
theory of chemical combination, another cause has 
been assigned ; and it is now supposed that the 
liigh temperature, by exalting the electrical ener- 
gies of bodies, and consequently their force of at- 
traction, facilitates their combiiiatiofi. 
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EMILY. 

If it be true that caloric is composed of the two 
electricities, an elevation of temperature must ne- 
cessarily augment the electric energies of bodies. 

MRS. B. 

I doubt whether that would be a necessary con- 
sequence ; for, admitting this composition of caloric, 
it is only by its being decomposed that electricity 
can be produced. Sir H. Davy, however, in his 
numerous experiments, has found it to be an almost 
invariable rule, that the electrical energies of bodies 
are increased by elevation of temperature. 

What means then shall we employ to raise the 
temperature of the wood, so as to enable it to 
attract oxygen from the atmosphere ? 

CAROLINE. 

Holding it near tlie fire, I should think, would 
answer the purpose. 

MRS. B. 

It may, provided you hold it sufficiently close to 
the fire ; for a very considerable elevation of tem- 
perature is required. 

CAROLINE. 

It has actually taken fire ; and yet I did not let 
it touch the coals, but I held it so very close that 
I suppose it caught fire merely from the intensity 
of the heat. 

MRS. B. 

Or you might say, in other words, tbi^ the 
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caloric which the wood imbibed, so much elevated 
its temperature, and exalted its electric energy, as 
to enable it to attract oxygen very rapidly from the 
atmosphere, 

EMILY. 

Does the wood absorb oxygen while it is burning ? 

MRS. B. 

\ es ; and the heat and light are produced by 
the union of the two electricities which are set at 
lilierty, in consequence of the oxygen combining 
with the wood. 

CAROLINE. 

You astonish me ! The heat of a burning body 
proceeds then as much from the atmosphere as 
from the body itself? 

MRS. B. 

It was supposed that the caloric, given out 
during combustion, proceeded, entirely or nearly 
so, from the decomposition of the oxygen gas ; but, 
according to Sir H. Davy’s new view of the sub- 
ject, both the oxygen gas, and the combustible 
body, concur in supplying the heat and light, by 
the union of their opposite electricites. 

EMILY. 

I have not yet met with any thing in chemistry 
that has surprised or delighted me so much as this 
explanation of combustion. I was at first wonder* 
ing what connection there could be between the 
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affinity of a body for oxygen and its combustibility; 
but I think I understand it now perfectly. 

MRS. B. 

Combustion, then, you see, is nothing more 
than the rapid combination of a body with oxygen, 
attended by the disengagement of light and heat. 

EMILY. 

But are there no combustible bodies whose at« 
traction for oxygen is so strong, that they will 
combine w ith it, w ithout the application of heat ? 

CAROLINE. 

That cannot be ; otherwise we should see bodies 
burning spontaneously. 

MRS. B. 

There are some instances of this kind, such as 
phosphorus, potassium, and some compound bodies, 
which I shall hereafter make you acquainted with. 
These bodies, however, are prepared by art, for, 
in general, all the combustions that could occur 
spontaneously, at the temperature of the atmos- 
phere, have already taken place ; therefore new 
combustions cannot happen without the temperature 
of the body being raised. Some bodies, however, 
will bum at a much lower temperature than others. 

CAROLINE. 

But the common way of burning a body is not 
merely to approach it to one already on fire, but 
ratlier to put the one in actual contact with the 



206 


OXYGEN AND NITROGEN. 


other, as when I burn this piece of paper by hold 
ing it in the flame of the Are. 


MRS. B. 

Tlie closer it is in contact with the source oi’ ca- 
loric, the sooner will its temperature be raised to 
t he degree necessary for it to burn. If you hold it 
near the fire, the same effect will be produced ; 
but more time will be required, as you found to 
be the case w^ith the piece of stick. 

EMILY. 

But w’hy is it not necessary to continue applying 
caloric throughout the process of combustion, in 
order to koe|i up the electric energj' of the wood, 
which is required to enable it to combine with the 
oxygen ? 

MRS. B. 

The caloric which is gradually protluced by the 
two electricities during combustion, keeps up the 
tenijicrature of the burning body ; so that when 
once combustion has begun, no further application 
of caloric is required. 

CAROLINE. 

Since I have learned this wonderful theory of 
combustion, I cannot help gazing at the fire ; and 
I can scarcely conceive that Uie heat and light, 
which I alw’oys supposes! to proceed entirely from 
the coals, are really produced as much by the 
atmosphere. 
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EMILY. 

When you blow the fire, you increase tlie com- 
bustion, I suppose, by supplying the coals with a 
greater quantity of oxygen gas ? 

MRS. B. 

Certainly ; but of course no blowing will pro- 
duce combustion, unless the temperature of the 
coals be first raised. A single spark, however, is 
sometimes sufficient to produce that effect; for, ns 
I said before, when once combustion has com- 
menced, the caloric disengaged is sufficient to ele- 
vate tlie temperature of the rest of the body, pro- 
vided that there be a free access of oxygen. It 
however sometimes happens that if a fire be ill 
made, it will be extinguished before all the fuel 
is consumed, from the very circumstance of the 
combustion l>eing so slow that the caloric disen- 
gaged is insuflScient to keep up the temperature of 
the fuel. You must recollect that there are three 
things required in order to produce combustion ; 
a combustible body, oxygen, and a temperature at 
which the one will combine with the other. 

EMILY. 

You said that combustion was one method ol 
decomposing the atmosphere, and obtaining the 
nitrogen gas in its simple state ; but how do you 
secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? 

MB8. B. 

It is necessaiy for this purpose to bum the body 
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within a close vessel, which is easily done. — We 
shall introduce a small lighted taper (Plate X. 
Fig. 1.) under this glass receiver, which stands in 
a bason over water, to prevent all communication 
with the external air. 

CAROLINE. 

How dim the light burns already ! — It is now 
extinguished. 

MRS. B. 

Can you tell us why it is extinguished ? 

CAROLINE. 

Let me consider. — The receiver was full of at- 
mospherical air ; the taper, in burning within it, 
must have combined with the oxygen contained in 
that air, and the caloric that was disengaged pro- 
duced the light of the taper. But when the whole 
of the oxygen was absorbed, the wliole of its elec- 
Uicity was disengaged: consequently no more 
caloric could be produced, the taper ceaseil to 
burn, and tlie flame was extinguished. 

MRS. B. 

Your explanation is perfectly correct. 

EMILY. 

The two constituents of the oxygen gas being 
thus disposeil of, what remains under the receiver 
must be pure nitrogen gas? 

MRS. B. 

There are some circumstances which prevent 
the nitrogen gas, thus obtained, firom beiiig per- 
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fectly pure ; but we may easily try whether the 
oxygen has disappeared, by putting another lighted 
taper under it. — You see how instantaneously the 
flame is extinguished, for want of oxygen to supply 
the negative electricity required for the formation 
of caloric ; and were you to put an animal under 
the receiver, it would immediately be suffocated. 
But that is an experiment which I do not think 
your curiosity will tempt you to try. 

EMILY. 

Certainly not. — But look, Mrs. B., the receiver 
is full of a thick white smoke. Is that nitrogen 
gas? 

MRS. B. 

No, my dear; nitrogen gas is perfectly trans- 
parent and invisible, like common air. This cloudi- 
ness proceeds from a variety of exhalations, which 
arise from the burning taper, the nature of which 
you cannot yet understand. 

CAROLINE. 

The water within the receiver has now risen a 
little above its level in the basin. What is the 
reason of this ? 

MRS. B. 

With a moment’s reflection, I dare say, you 
would have explained it yourself. The water rises 
in consequence of the oxygen gas within it having 
been destroyed, or rather decomposed, by the com- 
bustion of the taper. 
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CAROLINE. 

Then why did not the water rise immediately 
when the oxygen gas was destroyed ? 

MRS. B. 

Because the heat of the taper, whilst burning, 
occasioned a dilatation of the air in the vessel, and 
a production of carbonic acid, which at first coun- 
teracted this effect. 

Another means of decomposing the atmosphere 
is the oxygenation of certain metals. This process 
is very analogous to combustion ; it is, indeed, only 
a more general term to express the combination of 
a body with oxygen. 

CAROLINE. 

In what respect, then, does it differ from com- 
bustion ? 

MRS. B. 

The combination of oxygen in combustion is 
always accompanied by a disengagement ol light 
and heat, whilst this circumstance is not a necessary 
consequence of simple oxygenation. 

CAROLINE. 

But how can a body absorb oxygen without the 
combination of the two electricities which produce 
caloric ? 

MRS. B. 

Oxygen does not always present itself in a 
gaseous form ; it is a constituent part of a vast 
number of bodies, both solid and liquid, in which it 
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exists in a state of greater density than in the atmo- 
sphere ; and from these bodies it may be obtained 
without much disengagement of caloric. It may 
likewise in some cases be absorbed from the atmo- 
sphere without any sensible production of light and 
heat ; for, if the process be slow, the caloric is dis- 
engaged in such small quantities, and so gradually, 
that it is not capable of producing either light or 
heat. In this case the absorption of oxygen is 
called oxygmation or oxidation^ instead of comhus^ 
tion, as the production of sensible light and heat is 
essential to the latter. 

EMILY. 

I wonder that metals can unite with oxygen; 
for, as they are so dense, their attraction of 
aggregation must be very great ; and I should have 
thought that oxygen could never have penetrated 
such bodies. 

MRS. B. 

Their strong attraction for oxygen counter- 
balances this obstacle. Most metals, however, 
require to be made red-hot before they are capable 
of attracting oxygen in any considerable quantity. 

By tliis combination they lose most of their metal- 
lic properties, and fall into a kind of powder, 
formerly called calxy but now much more properly 
termed an oxide ; thus we have oxide of lead^ oxide 
of iron^ &c. 

EMILY. 

And in the Voltaic battery, it is, I suppose, an 



212 


OXYGEN AND NITROGEN. 


oxide of zinc, that is formed by the union of the 
oxygen with that metal ? 

MRS. B. 

Yes, it is. 

CAROLINE. 

The word oxide, then, simply means a metal 
combined with oxygen ? 

MRS. B. 

Yes; but the term is not confined to metals, 
though chiefly applied to them. Any body what- 
ever, that has combined with a certain quantity 
of oxygen, either by means of oxidation or com- 
bustion, is called an oxide^ and is said to be oxi- 
dated or oxygenated. 

EMILY. 

Metals, when converted into oxides, become, I 
suppose, negative ? 

MRS. B. 

Not in general ; because in most oxides, the 
positive energy of the metal more than counterba- 
lances the native energy of the oxygen with which 
it combines. 

This black powder is an oxide of manganese, a 
metal which has so strong an affinity for oxygen, 
that it attracts that substance from the atmosphere 
at any known temperature : it is therefore never 
found in its metallic form, but always in that of 
an oxide, in which state, you see, it has very little 
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of the appearance of a metal. It is now heavier 
than it was before oxidation, in consequence of tlie 
additional weight of the oxygen with which it has 
combined. 

CAROLINE. 

I am very glad to hear that ; for I confess I could 
not help having some doubts whether oxygen was 
really a substance, as it is not to be obtained in a 
simple and palpable state; but its weight is, I think, 
a decisive proof of its being a real body. 

MRS. B. 

It is easy to estimate its weight, by separating it 
from the manganese, and finding how much the 
latter has lost. 

EMILY. 

But if you can take the oxygen from the metal, 
shal^ we not then have it in its palpable simple 
state ? 

MRS. B. 

No ; for I can only separate the oxygen from the 
manganese, by presenting to it some other body, 
for which it has a greater affinity than for the man- 
ganese. Caloric affording the two electricities is 
decomposed, and one of them, uniting with the 
oxygen, restores it to the aeriform state. 

But you said just now that manganese would 
attract oxygen from the atmosphere in which it is 
combined with the negative electricity ; how, there- 



214 


OXYGEN AND NITROGEN. 


fore, can the oxygen have a superior affinity for 
that electricity, since it abandons it to combine with 
the manganese ? 

MRS. B. 

I give you credit for this objection, Emily ; and 
the only answer I can make to it is, that the mutual 
affinities of metals for oxygen, and of oxygen for 
electricity, vary at different temperatures ; a cer- 
tain degree of heat will, therefore, dispose a metal 
to combine with oxygen, whilst, on the contrary, 
the former will be compelled to part with the latter, 
when the temperature is further increased. I 
have put some oxide of manganese into a retort, 
which is an earthen vessel with a bent neck, 
such ns you sec here. (Plate X. Fig. 2.) — The 
retort containing the manganese you cannot see, as 
I have enclosed it in this furnace, where it is now 
I'ed-hot. But, in order to make you sensible of the 
escape of the gas, which is itself invisible, I have 
connected the neck of the retort with this bent tube, 
tlie extremity of which is immersed in this vessel of 
w^ater. (Plate X. Fig. 3.) — Do you see the bub- 
bles of air rise through the water ? 

CAROLINE. 

Perfectly. This, then, is pure oxygen gas ; what 
a pity it should be lost ! Could you not preserve 
it? 

MRS. B. 

We shall collect it in this receiver. — For this 
purpose, you observe, I first fill it with water, in 
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order to exclude the atmospherical air; and then 
place it over the bubbles which issue from the re- 
tort, so as to make them rise through the water to 
the upper part of the receiver. 

EMILY. 

The bubbles of oxygen gas rise, I suppose, from 
their specific levity ? 

MRS. IL 

Yes ; for though oxygen forms rather a heavy 
gas, it is light compared to w’atcr. You see how 
it gradually displaces the water from the receiver. 
It is now full of gas, and I may leave it inverted in 
water on this shelf, where I can keep the gas as 
long as I choose, for future experintents. This 
apparatus (which is indisjtensable in all experi- 
ments in which gases are concerned) is called a 
water-bath. ' • 

CAROLINE. 

It is a very clever contrivance, indeed ; equally 
simple and useful. How convenient the shelf is 
for the receiver to rest upon under w^ater, and the 
holes in it for the gas to pass into the receiver ! 
I long to make some experiments with this appa'> 
ratus. 

MRS. B. 

I shall try your skill that way, when you have 
a little more experience. I am now going to show 
you an experiment which proves, in a very striking 
manner, how essential oxygen is to combustion. 







tfaai iren it$el£.wiU bu9»ia this gas, in 
ibe most i^apkl aad bciiUaot p^n^r. 


Redlly ! I did not know tijat it was possible to 


burn iron. 




Irof»% body/^iiW you know, Caroline, 

that all simple bodies are naterraljly positive^ and 
therefore must have an affi^tity Ibr oxygen. 


■ Mfia. ‘ i ’ 

Irbn^wHl, however, nbt burn iTi atrrtospberical 
air w9ffldiif a Ve^'^dt e^atfOn of temperature ; 
but it is eminently combustible in' pure oxygen 
gas; and what will sui-priso* you still more, it can 
be set oi}4w 

perature. You see this spiral iron wire. — I fasten 
it at one end to this cofk,‘ which is made to fit an 
openhi^ af the top of the glass receiver. (Plate X. 
Fig. 4.) ' 

^ X i XMILV. 

I see the opening in the receiver ; buf it is care- 
fully closed by a ground-glass stopper. 


“ , t iif. 1 ' M < i 



ing : but I shall take out the stopper, and put in 
die cork, to which thos wire bangs. — Now I mean 
to buri^jtijiis wjfe*i^,f^^S oxygen gas, but I must 
fix ast]|;if^pi^^(Pf},]igl^ titK|er to the extremity 
^ impulse to combus- 
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tion ; for, however powerful oxygen is in promoting 
combustion, you must recollect that it cannot take 
place without some elevation of temperature. I shall 
now introduce the wire into the receiver, by quickly 
changing the stoppers. 

CAROLINE. 

Is there no danger of the gas escaping while you 
change the stoppers ? 

MRS. B. 

Oxygen gas is a little heavier than atmospherical 
air, therefore it will not mix with it very nqpidly ; 
and, if I do not leave the opening uncovered, we 
shall not lose any— 

CAROLINE. 

Oh, what a brilliant and beautiful flame J 

EMILT. 

It is as white and dazzling as the sun !— Now a 
piece of the melted wire drops to the bottom : I 
fear it is extinguished ; but no, it buma again at 
bright as ever. 

MRS. B» 

It will bum till the wire is entirely consumed, 
provided the oxygen be not first expended ; for you 
know it can burn only while there is oxygen to 
combine with it. 

CAROUNX. 

I never saw a more Meauttfol light My eyes 
can hardly bear it ! How astonishing to Ihtidt that 
all this caloric was contained in the smaH quand^ 

VOL. I. 
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of gas and iron inclosed in tbe' receiver ; and witln 

prodm;ing any visible heat 1 

EMILY. 

How wonderfully quick combustion goes on in 
pure oxygen gas ! But pray, are these drops of 
burnt iron as heavy as the wire was before ? 

MRS. B. 

They are even heavier; for the iron, in burning, 
has acquired exactly the weight of the oxygen 
which has disappeared, and is now combined with 
it. It has become an oxide of iron. 

CAROLINE. 

I do not know what you mean by saying that the 
oxygen has disappeared^ Mrs. B., for it was always 
invisible. 

MRS. B. 

True, my dear; the expression was incorrect 
But though you could not see the oxygen gas, I 
believe yoh had no doubt of its presence, as the 
effect it produced on the wire w^as suflRciently 
evident. 

CAROLINE. 

Yes, indeed ; yet you know it was the caloric, 
and not the oxygen gas itself, that dazzled us so 
much. 

MRS. B. 

You are not quite correct in your turn, in saying 
the caloric dazried you \ for caloric is invisible; it 
affects cMoly tbe sense of feeling; it was the light 
which dazded you; 
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CAiHOLlKE. ^ 

True; but light and caloric are sucb constatlt 
companions, that it is difficult to separate them, 
even in idea. 

MBS. 9. 

Hie easier it is to confound them, the more 
careful you should be to preserve the distinction, 

CAROLINE. 

But why has the water now risen, and filled 
part of the receiver ? 

MRS. B. 

Indeed, Caroline, I did not suppose you would 
have asked such a question ! I dare say, Emily, 
you can answer it. 

EMILY. 

Let me reflect The oxygen has com- 

bined with the wire ; the caloric has escaped ; con- 
sequently nothing can remain in the receiver, and 
the water will rise to fill the vacuum. 

CAROLINE. 

1 wonder that did not occur to me. I wish that 
we had weighed the wire and the oxygen ^as before 
combustion; we might then have found whether 
the weight of the oxide was equal to that of both. 

MRS. B. 

You might try the experiment if you particuiarly 
wished it; but I can assure you, that, if aocufately 
performed, it never fads to show fliat ibt addi? 



220 diitToM ANd mrwciaBK. 

tional weight of the oxide ir precisely equal to that 
of the oxygen ’ absorbed^ whether the process has 
been a real combustion, oir a sunple oxygenation. 

CAEOUKE. 

But this cannot be the case with combustion in 
general; Hot when any substance is burnt in the 
common air, so far from increasing in weight, it is 
evidently diminished, and sometimes entirely con- 
sumed. 

Mas. B. 

What do you mean by the expression consumed? 
You cannot suppose that the smallest particle of 
any substance in nature can be actually destroyed. 
A compound body is decomposed by combustion ; 
some of its constituent parts fly off in a gaseous 
form, while others remain in a concrete state ; the 
former are called the volatile^ the latter the ^ed 
products of combustion. But if we collect the whole 
of them we shall always find that they exceied the 
weight of^he combustible body, by that of the 
oxygen which has combined with them during 
combustion. 

EMILY. 

Ill the combustion of a coal Are, then, 1 suppose 
that the ashes are what would be called thc^^ed 
product, and the smoke the volatile product? 

CAROLINE. 

Yet; when the fire burns IiN^ti s&d the t^uantity 
of vo)a^e products should he the' is 
no smoke; how <wydu a^imt fbt* fiiait? ' ' ' ' 
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EMILX* 

Indeed I cannot; therefore 1 stippjO$e Uiat I was 
not right in my oonjectiure. 

MRS. B. 

Not quite ; ashes, as you supposed, are a fixed 
product of combustion ; but smoke, properly speak* 
ing, is not one of the volatile products, as it con* 
sists of minute undecomposed particles of the coals 
which are carried off by the heated air without be* 
ing burnt, and are either deposited in the form of 
soot, or dispersed by the wind. Smoke, therefore, 
cannot be considered as a product of combustion, 
as it consists of particles which have not oudargoi^ 
that process. And you may easily conceive that the 
stronger the fire is, the less smoke will be produced, 
because tlie fewer particles escape combustion. On 
this principle depends the invention of Argand’^ 
Patent Lamps ; a current of air is made to pass 
through the cylindrical wick of the lamp, by winch 
means it is so plentifully supplied with oxygen that 
scarcely a particle of oil escapes combustion, nor 
is there any smoke produced. 

EMILY. 

But what then are the volatile products of com* 
bustion? 

MRS. D. 

Various neyf compounds, with which you are 
not yet acquainted, and which being c6nvei*ted by 
caloric either into vapour or gas, are invisible ; but 
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they can be collected, and we shall examine them 
at some iVtore period. 

CAROLINE. 

There are then otlier gases, besides the oxygen 
and nitrogen gases ? 

MRS. B. 

Yes, several ; any substance that can assume mid 
maintain the form of an elastic fluid at the temper- 
ature of the atmosphere, is called a gas. We shall 
examine the several gases in their respective places; 
but we must now confine our attention to those 
which compose the atmosphere. 

I shall show you another method of decompos- 
ing the atmosphere, which is very simple. In 
breathing we retain a portion of the oxygen, and 
expire the nitrogen gas ; so that if we breathe in 
a closed vessel for a certain length of time, the air 
within it will be deprived of its oxygen gas. Which 
of you will make the experiment ? 

CAROLINE. 

I should be very glad to try it. 

MRS. B. 

Very wdl; breathe several times through this 
glass tube into the receiver with which it is con- 
nected, until you feel that your breath is ex- 
hausted. 

CABOUME. > 

I am quite out of breath already !' 
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MRS. B. 

Now let us try the gas with a lighted toper. 

EMILY. 

It is very pure nitrogen gas, for the taper is 
immediately extinguished. 

MRS. n. 

Tliat is not a proof of its being pure, but of the 
absence of oxygen, the principle of combustion. 

EMILY. 

In the inetliods which you have shown us, ibr 
decomposing the atmosphere, the oxygen always 
abandons tlie nitrogen; but is there no way of 
taking tlie nitrogen from the oxygen, so as to 
obtain the latter pure from the atmosphere ? 

MRS. B. 

You must observe, that whenever oxygen is 
taken from the atmosphere, it is by decomposing 
the oxygen gas ; we cannot do the same with the 
nitrogen gas, because nitrogen has a stronger affi- 
nity for caloric than for any other known principle : 
it appears impossible therefore to separate it from 
die atmosphere by the power of affinities. But if 
we cannot obtain the oxygen gas, by this means, 
in its separate state, we have no difficulty (as you 
have seen) to procure it in its gaseous form, by 
taking it from those substances which have Rb90irl>- 
ed it from the atmosphere, as we did with the 
oxide of manganese. 
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EMILY. 

Cm atflMMpheyrical air be recooiposed, bjriaixing 
due proportkms of oxygen and nitrogen gases ? 

MRS. B. 

Yes; if about one part of oxygen gas be 
mixed with about four paits of nitrogen gas, atmos- 
pherical air is produced*. 

EMILY. 

The air, then, must be an oxide of nitrogen? 

MRS. B. 

No, my dear ; for it requires a chemical com- 
bination between oxygen and nitrogen in order to 
produce an oxide, whilst in the atmosphere these 
two substances are separately combined with calo- 
ric> forming two distinct gases, which are simply 
mixed in the formation of the atomspbere. 

1 shall say nothing more of oxygen and nitrogen 
at present, as we shall continually have occasion 
to refer ttr them in our future conversations. They 
are both very abundant in nature ; nitrogen ia the 
most plentiful in the atmosphere, and exists also in 
idl animal substances ; oxygen forms a constitiient 
pain, both of the animal and vegetable kingdoms, 
from which it may be obtained a variety of che- 
mical means. But it is now time to ocmclude our 
lesson. I am diraid you have learnt more tonlay 
than you will be aUe to Teiuember. ' * ' 

* The proportion of oxygen in the atmosphere varies from 
91 0 99 per cent. 
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CA»01>)NE. 

. t^lba»,bee» |U3p»« 

ed ia it> .ev«rr>t4d|>rK«)t U* ■ In i!egMfdtl*»t|»itrpg»« 
there seems to be but little to remember ; it makes 
a very insignificant figure in compar^on to oxygen, 
although it composes a lAuch larger I^riion of the 
atmosphere. ' 

MRS. B. 

Perhaps this insignificance you complain ol’ may 
arise from the compound nature of nitrogen; for 
tliough I have hitlierto considered it as a sirnjile 
body, because it is not known in anyju^tural pro* 
cess to be decomposed, yet from some experiments 
of Sir H* J>avy, tliere appears to be reason, foi 
suspecting that nitrogen is a compound body, as 
weifiiellaee aflerwarda. But even^in its simple 
state, it will not appear so insignificant whet) you 
are better acquainted with it; ioTithongh it s^is 
to, perform but a passive part in tbantipp^crt;^ 
and has no very striking properties, when consideretl 
in its s^fuiKate state, yet you will fipd heKtafter, 
that k becomes a very importiuk ttgout, ^wlxm 
combined with other bodies.. , tt, is,iplaf;ed, ^you 
se%,naMtbe,<l2d pf.<be 34 fla^i,atjdte 

head lol rtho Jbodio* fby 

natioot.wbb oxygens ) WO 
gular in ootkipadog bfli introduo^itWb Mm 4 
return to it Hi*, iih^mr 
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CONVERSATION VIII. 

ON HYDROGEN. 


CAROLINE. 

We must now return to the 2d class, the agenU 
ol’ combustion, in which we have treated onl^ oi 
oxygen : Chlorine, Iodine and Fluorine re- 
main to be noticed. Pray what kind of’ substances 
are these ; are they also invisible ? 

MRS. B. 

No; for chlorine, in the state ol‘ gas, has a dis- 
tinct greenish colour, and is therefore visible ; and 
iodine, in the same state, has a beautiful claret-red 
colour Tliese bodies, I have already informed 
you, are, like oxygen, endowed with the negativtf 
electricity ; but the explanation of their proj^ertien 
implies various considerations, which you would 
not yet be able to understand ; we shall theretbre 
defer their examination to some future conversation, 
and we shall pass on to the Sd class. Hydrogen. 
the only body comprehended in this class, cannot, 
any more than oxygen, be obtained in a visible oi 
palpable form. We are acquainted with it only 
in its gaseous state, as we are witli oxygen and 
lutrogen. 



HYDROGEN. 


W7 


CAROLINE. 

But in its gaseous state it cannot be called a 
simple substance, since it is combined with heat 
.nnd electricity ? 

MRS. B. 

True, my dear: but as we do not know in na* 
tiireofany substance which is not more or less 
combined with caloric and electricity, we are apt 
to say that a substance is in its pure state when 
united w ith tliose agents only. 

Hydrogen was formerly called inflammable air^ 
as it is extremely combustible, and burns with a 
great flame. Since the invention of the new no- 
menclature, it has obtained the name of hydrogen, 
w hich is derived from two Greek words, the mean- 
ing of' which is fo produce xcater, 

EMILY. 

And how does hydrogen protluce water ? 

MRS. B. 

By its combustion. Water is composed of 
|)arts, by weight, of oxygen, combined with 11 
parts of hydrogen; or of two parts, by bulk of 
hydrogen gas, to one part of oxygen gas. 

CAROLINE. 

Really ! is it possible that water should be a 
combination of two gases, ami Umt one of these 
sliouid be inflammable air ? Hydrogen must be a 
most extraordinary gas to produce both fire and 
water ! 



KTDAaaiN. 


S2S 


BMIM. 

But 1 thought you said tliftt^eombustion «(mkl 
take place in no gas faut^eatygen ? 

' ' 'MRS- B.' 

Do you recollect what the j)Vocess of combustion 
consists in ? 

EMILY. 

In the combination of a body witli oxygen, with 
disengagement of light and heat. 

MRS. B. 

Therefore when I say that liydrogeu is coinbus^ 
tible, I mean that it has an affinity for oxygen : 
but, like all other combustible substances, it can- 
not burn unless supplied with oxygen, and* also 
heated to at proper t;efffp€rature. 

aaiLOLiNE. 

The simply mixing 11 parts of hydrogen, with 
99 ^rt84if oxygen gas, will not, therefore, produce 


MR& B. 

No; watc^ being a much denser fluid than gases, 
ill order to reduce these gases to a liquid, it is ne- 
cessary to diminish the quantity of caloric or elec- 
tricity which iTiaiqtidlis them in an elastic for^u 

■ ' Exiiir«" w 

That I shobld think might be done by ooui- 
bintng the &Kygeh and hydrogen together ; for in 
combining they would give oUtt then* lespcctive 
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electricities in the foniktof caloric, and by this 
means I 

But you forget, Emityjrthat in order to make 
the oxygen ^ndbyikogo^f^piobfi;^ i^ust l^gin 
by elevating their temperature, which 4 ncre(|ses, 
instead of diminishing, their electric energies. 

MRS, B. . 

Emily is, however,.righjt ; for 
sary to raise their temperature, in order to make 
them combine, as that combination affords them 
the means of parting UvkK^ tHcir electrid'ti^^ it is 
eventually the cause of th^ dhnitituidn bf eletitric 
energy. ‘ « i 

You love to deal in pdrsidoxi^ JUrs; B. 

— Eire, then, j ) rod uces water ? 

MKS. B, 

The combustion of hydrogen goa oeitaiuly does ; 
but you do not seem to have rememb^eU llie 
theory of combustion so well as you ibought you 
would. Can you tell mCiWhat happens jn^ tlip -com- 
bustion of hydrogen gas? . ^ ^ ^ 

CAltOU!«t.'i-*ii* 'iM ^ V V ... 

The hydrogen combines ^t!h the* b^geti; Rnc I 
their opposite electricities ore disengaged in the 
form of caloric.— Ye5^ :)1. thfok I 

the loss of thiiit 9 i|oric, tU€»^,es,{i^rfi con- 
densed into, a liquid. . f .. . ; , 
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EMUY. 

Water, then, I suppose, when it evaporates anti 
incorporates with the atmosphere, is decomposed 
and converted into hydrogen and oxygen gases ? 

MRS. B. 

No, my dear — there you are quite mistaken ; the 
decomposition of water is totally different from its 
evaporation ; for in the latter case (as you should 
recollect) water is only in a state of very minute di- 
vision ; and is merely suspended in the atmosphere, 
without any chemical combination, and without any 
separation of its constituent parts. As long as these 
remain combined, they form w^ater, whether in a 
state of liquidity, or in that of an elastic fluid, as 
vapour, or under the solid form of ice. 

In our experiments on latent heat, you may re- 
collect that we caused water successively to pass 
through these three forms, merely by an increase 
or diminution of caloric, without employing any 
power of attraction, or effecting any decomj>osition. 

CAROLINE. 

But are tliere no means of decomposing water ? 

MRS. B. 

Yes, several : charcoal, and metals, when heated 
red liot, will attract the oxygen from water, in the 
«ame manner as they will from the atmosphere. 

CAROLINE. 

Hydixjgeh, I fliee, is like nitrogen, a poor de- 





pendent friend of oxygen, and is continually for- 
saken for greater favourites. 

MRS. B. 

The connection, or friendship, as you choose to 
call it, is much more intimate between oxygen and 
hydrogen, in the state of water, than between oxygen 
and nitrogen, in the atmosphere ; foi’, in the first 
case, tliere is a chemical union and condensation 
of the two substances ; in the latter, they are simply 
mixed together in their gaseous state. You will 
find, however, that, in some cases, nitrogen is quite 
as intimately connected with oxygen, as hydrogen 
is. — But this is foreign to our present subject. 

EMILY. 

Water, then, is an oxide, though the atmo- 
spherical air is not ? 

MRS. B. 

It is not commonly called an oxide, though, ac- 
cording to our definition, it may, no doubt, be re»- 
ferred to that class of bodies. 

CAROLINE. 

I should like extremely to see water decomposed. 

MILS. B. 

I can gratify your curiosity by a much incite 
easy process than the oxidation of cliarcoal or 
metals : the decomposition of water by these latter 
means takes up a great deal of time, and i« at- 
tended with much trouble; for ijt is J^hut 





the chercoal or metal be made red hot in a 

thi^ the water ^hcpld pass over them in a 
state of rapour^ t^at;^^e should be Col- 

lected over the water-hath,^ &c! ^ tn short, it a 
very complicated operation. But the same effect 
may be produced. with the greatest fiicility, by die 
action of' the Voltaic liattery, which this will give 
me an oppoituoity of exhibitUig. 

CAIIOIJNK. 

I am very glad of thait; for I longed to see the 
pd#ef of this api^aratus m decornpoetng bodies. 


MRS. B. 


For this purpose I fill this piece of glass-tube 
(Flaf<^ XI. with water, and cork it oji at 

bdfh end^i; thrOtlj^ tnie of the corks I introduce 
thkf Wife of the battery which conveys the positive 
el^ficky ; and the wire which conveys the nega- 
tive electricity is iwede to pass through the other 
cork, so thkt‘ the two wires approach each other 
sufficiently near to give oift their respective elec- 
tricities. . , 

\ ' ■ ^ CAkoUNE. 

It does not appear to me tiiat you approach the 
wires so near, as you ciW you made'the bai- 

tcry art by itwlf. . i, . 

^ j Mr I * jfU ('oH i}- n M 

, MRS. B. 

, Water bf^t^£,.f:oBUurt<y pf^decUiav 

tbsmuWJCr w|i:es w^U act pn p^ 

at a greater distance in the Tp;|^er^j^affin ,the 
latteic c^ie. , 
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Now the electrical effect £)ppears: 1 see amall 
bubbles of air emitted from each wire. ^ 

MRS* B* 

Each wife decomposes the water, the positive 
by attracting its oxygen which is ‘negative,* the 
negative by attracting its hydrogen which is 
positive, 

CAROLINE. ^ 

Tliat is wonderiuliy curious ! But what are.U^ 
small bubbles of air ? 


MRS. B. , , ^ 

I'hose which appear to proceed from the positive 
wire are the result of the deoompofition of tlie 
water by that wire. The particles of hydrqgehi 
having naturally the same electricity as the 
tive wire, are repelled by it, and pass over tp the 
negative wire by which they are attiwct^* . i 


And 1 suppose the oxygen is, on the contrary', 
repelled by the negative wire and attracted by the 
positive wire r 

MRS. B. ^ ‘ ' 

Precisely so. Both these elements being' tlius 
separated from each other, and set at liberty, 
appear in the bf smilf feubble^ 6f gas ^Pf ^ir : 
the oxygen at the positive Wife, rfhd the 
at the ne^tive wire. ^ n j* 

I should not forget to observe that ihfe Wlftt 







used in this experiment made of platina, a 
metal wbieh is not capable of combining with 
oxygen; for otherwise the wire would combine 
with the oxygen, and the hydrogen alone would 
be disengaged. 

CAROLINE. 

But could not water be decomposed without the 
electric circle being completed ? If, for instance, 
you immersed only the [positive wire in the w^ater, 
would it not combine with the oxygen, and the 
bodrogen gas be given out ? 

MRS. B. 

No ; for as you may recollect, the battery can- 
not act unless the circle be completed ; since tlie 
positive wire will not give out its electricity, unless 
attracted by tliat of the negative wire. 

CAROLINE. 

1 understand it now. — But look, Mrs. B., the 
decon;iposition of the water, w hich has been going 
on for some time, does not sensibly diminish iu 
quantity — what is the reason of that ? 

* MRS. B. 

Because the quantity decomposed is so extremely 
small. If you compare the density of w'ater witli 
that of the gases into which it is resolved, you 
must be aware that a single drop of water is suffi- 
cient to produce tliousands of such small bubbles 
as^tho^you now pereeive. 
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CAROMVS* 

But in this experbaenl we obtain the oxygen 
and hydrogen gases mixed together. Is there any 
means of* procuring the two gases separately ? 

MRS. B. 

They can be collected separately with great 
ease, by modifying a little the experiment. Thus 
if instead of one tube we employ two, as you see 
here (c, d, Plate XL Fig. 2.), both tubes being 
closed at one end, and open at the other ; and if 
after filling these tubes with water, we place them 
in a glass of water (e), wdth their open end down- 
wards, you will see that the moment we connect tlie 
wires (a, b,) which proceed upwards from the in- 
terior of each tube, the one with one end of the 
batterj', and the other with the other end, the water 
ill the tubes will be decomposed; oxygen will be 
given out round the wire in the tube connected with 
the positive end of the battery, and hydrogen in the 
other ; and these gases will be evolved exactly in 
the proportions which I have before mentioned, 
namely, tw o measures of hydrogen for one of oxy- 
gen. We shall now begin the experiment, but it 
will be some time before apy sensible quantity of 
the gases can be collected. 

EMILY. 

The decomposition of water in this way, slow as 
it is, is certainly very wooderfiil ; but 1 contesB that 
I shcnald be still nsore gratiQed, if you could tsbovr 
k us on a larger scale, and by a quicker piocfiss. 
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L^un , tbe dapopiposition < 4 ' water by 
charcoal or metals is attended with so much incon- 
venience. 

MRS. B. 

Water may be decomposed by means of metals 
without any difficulty ; but for this purpose the in- 
tervention pf an ftcid is required. Thus, if we add 
some suipl^uric acid (a substance with the nature ot 
which yop are not yet acquainted) to the water 
which the metal is to decompose, the acid enables 
tl?e metal to combine with the oxygen of tlie water 
so readily and abundantly, required 

to hasten the process. Of this I am going to show 
you an instance. I put into tliis bottle the water 
that is to be decomposed, the metal which is to efi'ect 
that decomposition by combining with the oxygen, 
and the acid which is to facilitate the combination 
of the metal and the oxygen. You will see with 
what violence these w ill act pn each other. 

CAROLINE. 

. But what metal is it that you employ for this 
pqrpoae ? 

MRS. B. 

It 16 kOn ; and it is used in the state of filings, 
as tbeid pt^aent a greater surface to the acid than 
a solid pi^d4 of metal. For os it is the surface of 
the metal Which is acted upon by the acid, and is 
disposed to receive the oxygen produced by the 
decomposition of the water, it necessarily follows 
that the greater is the smrluCe, the more consi- 



derable is the effect. ' Thef buhbletf Wiich are 
rising are hydrogen gas— — ^ ‘ 

CAROLINE. 

How disagreeably it smells ! ^ . 

MRS. B. 

It is indeed unpleasant, though, I believe, not 
particularly hurtful. We shall nbt, however, suf- 
fer any more to escape, as it will be wanted for 
eicperiments. I shall, therefore, collect it in a 
glass-receiver, by making it pass through this bent 
tube, which will conduct it into the water-bath. 
(Plate XL fig. 3.) 

EMILY. 

How very rapidly the gas escapes ! it is perfectly 
transparent, and without any colour whatever.*— 
Now the receiver is full — 

MRS. B. 

We shall, therefore, remove it, and substitute 
another in its place. But you mus(f obsOTv^f ^diat 
when the receiver is full, it is necessary to ke^p it 
inverted with the mouth under water, otherwise 
the gas wookl escape. And in order that it may 
not be in idlie wi^, i introduce witbjn , the bath, 
under the water, a saucer, into which IsHdh the 
receiver, sp that it pautbe taken out of the badi 
aed conveyed any . : the ,wfl*criiuthe»seiicer 

bsiog>e<}u^^ efl^tiial ,io praypntinff. ka^eioaue as 
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I am quite surprised to see so large a quan- 
tity of hydrogen gas produced by so small a quan- 
tity of water, especially as oxygen is the principal 
constituent of water. 

MRS. B. 

In weight it is ; but not in volume. For though 
the proportion, by weight, is nearly eight parts of 
oxygen to one of hydrogen, yet tlic proportion of 
the volume of the gases is about one part of oxy- 
gen to two of hydrogen ; so much heavier is the 
former than the latter. 

CAROLINE. 

But why is the vessel in w hich the w'ater is de- 
composed so hot ! As tlie water changes from a 
liquid to a gaseous form, cold should be produced 
instead of heat. 

MRS. B. 

No ; for if one of the constituents of water is 
converted into a gas, the other becomes solid in 
combining with tlie metal. 

EMILY. 

In this case, then, neither heat nor cold should 
be produced ? 

MRS. B. 

Very ti^ue ; and tlie heat which is generated in 
this operaUon, is not owing to the decomposition 
of die water, but to an extrication of caloric pfo- 
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ciuced by the mixture of water and sulphuric acid. 
I will mix some water and sulphuric acid together 
in this glass, that you may be sensible of* the sur- 
prising quaiuit)? of heat which is disengaged by their 
union — now take hold of the glass 

CAROLINE. 

Indeed I cannot ; it feels as hot as boiling water. 
1 should have imagined there would have been heat 
enough disengaged to have rendered tlie liquid 
solid. 

MRS. u. 

Since it does not produce that effect, we cannot 
refer this heat to the modification called latent heat. 
Wemay, however, I think, consider it as heat of 
capacity, since the liquid is condensed by its loss ; 
and if you were to repeat the experiment, in a gra- 
duated tube, you would fiiid that the two liquids, 
when mixed, occupy considerably less space than 
they did separately. But we will reserve this to 
another op[)ortunity, and attend at jiresent to the 
hydrogen gas which we have been producing. 

in now set the hydrogen gas, which is con- 
tained in this receiver, suddenly at liberty, and 
kindle it as soon as it comes in contact with the 
atmosphere, by presenting it to a caudle, it will 
so suddenly and rapidly decompose the oxygen 
gas, by combining with its basis, that an explosion, 
or a dctojiation (as chemists commonly call it), will 
be produced. For this purpose, I need only take 
np the receiver, and quickly present its opeh mouth 
to the candle— so ^ 
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li product only a sort of hissing noise, with a 
Vivid flash of light 1 had expected a much greater 
report. 

MRS. B. 

And so it would have been, had the gases been 
closely confined at the moment they were made to 
explore. If, for instance, we were to put in this 
bottle a mixture of hydrogen gas and atnios})heric 
air; arid if, after corking the bottle, we should 
kindle the mixture by a very small orifice, from 
the sudden dilatation of the gases at the moment 
of their combination, the bottle must either fly to 
pieces,, pr the cork be blown out with considerable 
violence. 

CAROLINE. 

But in the experiment which we have just seen, 
if you did not kindle the hydrogen gas, would it 
not equally combine witli the oxygen ? 

MRS. B. 

Certainly not; for, as I have explained to 
you, it is necessary that the oxygen and hydrogen 
gases be burnt togetlier, in order to combine die* 
mically and produce water. 

CAROLINE. 

That, is true ; but I thought this was a different 
combination, for I see no water produced. 

MRS. B. 

Tho water resulting from this detonation was so 
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small in quantity, and in aucli a state of minute 
tUvifioii as to be inmible* But watef t^ertainly 
was produced ; for oxygen is iiic^yuible of combin* 
ing with hydrogen in any other proportioias dban 
tliose which form water; xherefore water must 
always be the result of their combination. 

If, instead of bringing tlie hydrogen gas into 
sudden contact witli the atmosj)here (as we did 
just now), so as to make the whole of it explode 
the moment it is kindled, wc allow but a very small 
surface of gas to burn in contact with the ntmo- 
sphere, tlie combustion goes on quietly and gradu- 
ally at the point of contact, without any detonation, 
l)ecause the surikecs brought togetlicr arc too small 
for the immediate union of tlie gases. The ex- 
periment is a very easy one. Tins phial, with a 
narrow neck (Plate XI. %. 5.), is full of hydro- 
gen gas, and is carefully corked. If I take out 
the cork without moving the phial, and quickly 
place the candle at tlie orifice, you will sec how 
different the result will be — 

How prettily it burns, w itli a blue flame ! The 
flame is gradually sinking within tlie phial — now 
it has entirely disappeared. But does not this 
combustion likewis<! produce water ? 

B. 

Undoubtedly. In order to make the formaliou 
of tlie water sensible to you, I sliall procure a fresh 
supply of bydrogen gas, by putling into thia bottie 
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(Plate XI. fig. 6.) iron-filings, water, and sul- 
phuric acid, materials similar to tliose which we 
have just used for the same purpose. I shall then 
cork up the bottle, leaving only a small orifice in 
the cork, with a piece of glass-tube fixed to it, 
through which the gas will issue in a continued 
rapid stream. 

TAIIOLINE. 

I hear already the hissing of the gas tlirough 
the tube, and I can feel a strong current against 
my hand. 

Mils. B. 

^rhis current I am going to kindle with the can- 
dle — see how vividly it burns 

EMILY. 

It burns like a candle with n great flame. But 
why docs this combustion lust so much longer than 
in the former experiment ? 

MRS. B. 

'^Die combustion goes on uninterruptedly, as long 
as the new' gas continues to be produced. Now, 
if I invert this receiver over the flame, you will 
soon perceive its internal surface covered with a 
very fine dew', w hich is pure water 

l AROLINE. 

Yes, indeed ; tlie glass is now quite dim w ith 
moisture ! How' glad I am that we can see the 
water produced by this combustion. 
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EMILY. 

It is exnctly what 1 was anxious to see ; for 1 
confess I was a little incredulous. 

MRS. n. 

If I had not held the glass-l>ell over the flame, 
tilt' water would have escaped in the state of vapour, 
us it did in the I’ormer experiment. We have 
licre obtained but a very small quantity of water; 
but the difficulty of procuring a proper apparatus, 
with sufficient quantities of gases, prevents my 
.show ing it you on a larger scale. 

The composition of water w’as discovered about 
the same periotl, both by Mr. Cavendish, in this 
country, and by the celebrated French chemist, 
Lavoisier. The latter invented a very perfect and 
ingenious apparatus to perform, w ith great accu- 
racy, and upon a large scale, the formation of 
water by the combination of oxygen and hydrogen 
gases. Two tubes, conveying due (uoportions, 
the one of oxygen, the other of hydrogen gas, are 
inserted at opposite sides of a large globe of* glass, 
previously exhausted of air ; the two streams of 
gas are kindled within the globe, by the electrical 
spark, at tlie point where they come in contact ; 
they burn together, that is to say, the Jiydrogen 
combines with the oxygen, the caloric is set at 
liberty, and a quantity of water is produced exactly 
equal, in weight, to that of the two gases intro- 
liuced into the i^lobe. 

M 2 
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CAROUNE. 

And what was the greatest quantity of water 
ever formed in this apparatus ? 

MRS* B. 

Several ounces; indeed, very nearly a pound, 
if I recollect right ; but the operation lasted many 
days. 

EMILY. 

This experiment nmst have convinced all the 
world of the truth of the discovery. Pray, if im- 
proper proportions of the gases were mixed and 
set fire to, what w^ould be the result ? 

MRS. B. 

Water would equally be formed, but there would 
be a residue of either one or other of the gases, 
becouse, ns 1 have already told you, hydrogen and 
oxygen will combine only in the proportions requi- 
site for Uie formation of water. 

EMILY. 

T^oolv, Mrs. B., our experiment with the Voltaic 
battery (Plate XI. fig. 2.) has made great pro- 
gress ; a quantity of gas has been formed in each 
tube, but in one of them there is twice as much as 
in tlie other. 

MRS. B. 

Yes ; because, as I said before, water is com- 
posed of two volumes of hydrogen to one of oxy- 
gen — and if we should now mix these gases to^ 
tlier and set fire to them by an electrical sp^lc, 
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both gases would entirely disappear, and a small 
quantity of water would be formed. 

There is another curious effect produced by tlie 
combustion of hydrogen gas, which I shall show 
you, though I must acquaint you first, that I can- 
not well explain the cause of it. For this purpose, 
I must put some materials into our apparatus, in 
order to obtain a stream of hydrogen gas, just as 
we have done before. The process is already going 
on, and the gas is rushing tlirough the tube— I 
shall now kindle it w^ith the taper 

EMILY. 

It burns exactly as it did before What is 

tlie curious effect to which you were referring ? 

MILS. n. 

Instead of the receiver, by means of which we 
have just seen the drops of water form, we shall 
invert over the flame this piece of tube, which is 
about two feet in length, and one inch in diameter 
(Plate XI. fig. 7.) ; you must observe tliat it is 
open at both ends. 

EMILY. 

What a strange noise it produces ! something 
like the iEolian harp, but not so sweet. 

CAROLINE. 

It is very singular, indeed ; but I tliink rather 
too powerful to be pleasing. And is not this sound 
accounted for ? 
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MRS. n. 

That the percussion of glass, by a rapid stream 
of gas, should produce a sound, is not extraordi- 
nary : but the sound here is so peculiar, that no 
other gas has a similar effect. Perhaps it isowing 
to a brisk vibratory motion of the glass, occasioned 
by the successive formation and condensation of 
small drops of water on the sides of the glass tube, 
and the air rushing in to replace the vacuum 
formed^. 


CAROLINE. 

How very much this flame resembles tlie burn- 
ing of a candle. 

MRS. B. 

The burning of a candle is produced by much 
the same means. A great deal of hydrogen is 
contained in candles, whether of tallow or wax. 
This hydrogen being converted into gas by the 
heat of the candle, combines with the oxygen of 
the atmosphere, and flame and water result from 
the combination. So that, in fact, the flame of a 
candle is owing to the combustion of hydrogen 
gas. An elevation of tem|>erature, such as is pro- 
duced by a lighted match or taper, is required to 
give the first impulse to the combustion; but after- 
wards it goes on of itself, because the candle finds 
a supply of caloric in the successive quaqpties ot' 

* This ingenious explanation was first suggested by Dr. 
De la Rive. — bee Journals of the Royal InsUlutkab Vol. I. 
p. 859. 
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heat which result from the union of the two elec* 
tricities given out by the gases during tlieir com- 
bustion. But there are other circumstances con- 
nected with the combustion of candles and lamps, 
whicli 1 cannot explain to you till you arc acquaint- 
ed with carboHy which is one of their constituent 
parts.. In general, however, whenever you see 
Bame, you may infer that it is owing to the forma- 
tion and burning of hydrogen gas*; for Bame is 
the peculiar nuxle of burning of hydrogen gas, 
which, with only one or two apparent exceptions, 
does not belong to any other combustible. 

EMILY. 

You astonish me ! I understood that flame was 
the caloric produced by the union oi’ the two elec- 
tricities, in all combustions wliatever? 

MRS. B. 

Your error proceeded from your vague and in- 
correct idea of flame; you have confounded it with 
light and caloric in general. Flame always implies 
caloric, since it is produced by the combustion of 
hydrogen gas ; but all caloric does not imply flame. 
Many bodies burn w^ith intense heat without pro- 
ducing flame. Coals, for instance, burn with flame 
until all the hydrogen which they contain is evapo- 
rated ; but when they afterwards become red hot, 
much more caloric is disengaged than when they 
produce flame. 

• Or mtber hydro-car bonat, a gat compoaed of hydrogen 
and carbon, which will be noticed under the bead Cariom. 
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CAROLINE, 

But the iron wire, whicli you burnt in oxygen 
gas, appeared to me to emit flame ; yet, as it w as 
a simple metal, it could contain no hydrogen ? 

MRS. B. 

It produced a sparkling dazzling blaze of light, 
but no real flame. 


EMILY. 

And what is tlie cause of the regular shape of 
the flame of a candle ? 

MRS. n. 

The regular stream of hydrogen gas which ex- 
ilities from its combustible matter. 

CAROLINE. 

But the hydrogen gas must, from its great levity, 
ascend into the upper regions of the atmosphere : 
why therefore does not the flame continue to ac- 
company it y 

MRS. B. 

Tlie hydrogen gas would ascend into those re- 
gions, only if it w ere not arrested in its course by 
the combustion, 'fliis process is completed at the 
point where the flame terminates : it then ceases to 
be hydrogen gas, as it is converted, by its com- 
bination with oxygen, into W’atery vapour ; but 
in a state of such minute division as to be invisible. 

CAROLINE. 

I do not understand what is the use of the wick 
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of a candle, since the hydrogen gas burns so well 
without it 


MRS. B. 

The combustible matter of the candle must be 
decomposed in order to emit the hydrogen gas ; 
and tlie wick is instrumental in effecting tin’s de- 
composition. Its combustion first melts the com- 
bustible matter, and 

CAROLINE. 

But, in lamps, the combustible matter is already 
fluid, and yet they also require wicks ? 

MRS. u. 

I am going to add, that, afterwards, the burning 
wick (by the power of capillary attraction) gradually 
draws up the fluid to the point where combustioni 
takes place ; for you must have observed that the 
wick does not burn quite to the bottom* 

CAROLINE. 

Yes ; but I do not understand why it does not. 

MRS. B. 

Because the air has not so free an access to tli^at 
part of the wick which is immediately in contact 
with Uie candle, os to the pai't just above, so that 
the heat there is not sufficient to produce its de- 
composition : the combustion, therefore, bcgitis a 
huie above this point. 

CAROUKE. 

But, Mrs. B., in those bettutiful lights, colled 

M 3 
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gas4ights^ which now illuminate so many streets, 
and will, I hope, be soon adopted everywhere, I 
can perceive no wick at all. How are these lights 
managed ? 

MRS. B. 

I am glad you have put me in mind of saying a 
few words on this very useful and interesting im- 
provement. In this mode of lighting, the gas is 
conveyed to tlie extremity of a tul)c, where it is 
kindled, and burns as long as the supply continues. 
There is, therefore, no occasion for a wick, or any 
other fuel whatever. 

KMILY. 

But how is this gas procured in such large 
quantities ? 

MRS. B. 

It is obtifmed from coal, by distillation. Coal, 
when exposed to lieat in a close vessel, is decom- 
posed; and hydrogen, which is one of its consti- 
tuents, rises in the sUile of gas, combined with 
another of its component parts, carbon, forming a 
compound gas, called /n/dro-carbonaf, the nature 
of which we shall again have an opportunity of 
noticing when wt treat of carbon. This gas, like 
hydrogen, is |>erfecdy transparent, invisible, and 
highly inflammable ; and, in burning, it emits that 
vivid light which you have so often observed. 

CAROLINE. 

And does tlie process for procuring it require 
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nothing but heating the coals, and conveying the 
gas through tubes ? 

MRS. B. 

Nothing more ; except that the gas must be made 
to pass, immediately at its formation, through two 
or three large vessels of water, in which it deposits 
water, tar, and oil, and some other ingredients, 
which also arise from the distillation of coals. The 
gas-light apparatus, therefore, consists simply in a 
large iron vessel, in which the coals are exposed to 
the heat of a furnace, — some reservoirs of water, in 
which the gas deposits its imj)urities,— and tubes 
that convey it to the desired spot, being propelled 
with uniform velocity through the tubes by means 
of a certain degree of pressure w hich is made upon 
the reservoir. 

LMILY. 

What an admirable contrivance ! Do you not 
think, Mrs. B., that it will soon be universally 
adopted ? 

-MRS. B. 

Most probably ; for the purpose of lighting 
streets, offices, and public places, it far surpasses 
any former invention ; but in regard to the inte- 
rior of private houses, tliis motle of lighting has 
not yet been sufficiently tried to know whether it 
will be found generally desirable, either witli re- 
spect to economy or convenience. It may, how- 
ever, be considered as one of the happiest applica- 
tions of chemistry to tlie comforts of life ; and there 
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h every iieasen to sifppose that it will answer the 
fall extent of public expectation. 

I have another experiment to show you with 
hydrogen gas, which, I think, will entertain you. 
Have you ever blown bubbles with soap and water? 

EMILY. 

Yes, often, when I was a child ; and I used to 
make them float in the air by blowing them up- 
wards. 

MRS. B. 

We shall fill some such bubbles with hydrogen 
gas, instead of atmospheric air, and you will see 
wldi what ease and rapidity they will ascend, with- 
out the assistance of blowing, from tlie lightness 
of tlie gas. — Will you mix some soap and water, 
whilst 1 fill this bladder with the gas contained in 
the receiver which stands on the shelf in the water- 
bath? (Plate XII. Fig. 1.) 

CAROLINE. 

What is the use of the brass-stopi^er and turn- 
cock at the top of the receiver ? 

MRS. B. 

It is to afford a passage to the gas, when 
required. There is, you see, a similar stop-cock 
fastened to this bladder, which is made to fit that 
on the receiver. I screw them one on the otlier, 
and now turn the two cocks, to open a commu- 
nication between the receiver and the bladder; 
then, by sliding the receiver off the shelf, and 
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gently sinking it into the bath, the water rises in 
the receiveri and forces the gas into the bladder* 

CAROLINE. 

Yes, I see tlie bladder swell as the water rises in 
the receiver. 


MRS. n. 

I think that wc liave already a sufficient quantity 
in the bladder for our purpose: we must be careful 
to stop both the cocks before we separate the 
blackler from the receiver, lest the gas should 
escape. — Now I must fix a pipe to the stopper of 
the bladder, and by dipping its mouth into the 
soap and water, take up a few drops : then I again 
turn tlie cock, and squeeze the bladder, in order to 
force the gas into the soap and water, at the mouth 
of the pipe. (Plate Xll. Fig. 2.) 

EMILY. 

There is a bubble ; but it bursts before it leaves 
the mouth of the pipe. 

MRS. B. 

We must have patience, and try again : it is not 
so easy to blow bubbles by means of a bladder, as 
simply with the breath. 

CAROLINE. 

Perhaps there is not soap enough in the water. 

I should have had warm water ; it would have dis* 
solved the soap better. 



m 


mroftootir. 


» EMILY. 

Does not some of the gas es<Ape between the 
bladder and the pipe ? 

MRS. B. 

No, they are perfectly air tight ; we shall suc- 
ceed presently, I dare say. 

CAROLINE. 

Now a bubble ascends; it moves with the ra- 
pidity of a balloon. How beautifully it refracts 
the light ! 

EMILY. 

It has burst against the ceiling — you succeed 
now wonderfully; but why do they all ascend and 
burst against the ceiling ? 

MRS. B. 

Hydrogen gas is so much lighter than atmo- 
spherical air, that it ascends rapidly with its very 
light envelope, which is burst by the force with 
which it strikes the ceiling. 

Air-balloons are filled w ith this gas, and if they 
carried no other weight than their covering, would 
ascend as rapidly as these bubbles. 

( AROLINE. 

Yet their covering must be much heavier than 
that of these bubbles ? 

MRS. B. 

Not in proportion to the quantity of gas they 
contain. I do not know whether you have ever 
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been present at the filling of a large balloon. The 
apparatus for that purpose is very simple. It oon- 
sists of a number of vessels, either jars or barrels, 
in which the materials for the formation of the gas 
are mixed, each of these being furnished with a tube, 
and communicating with a long flexible pipe, which 
conveys the gas into the balloon. 

EMILY, 

But the fire-balloons which were first invented, 
and have been since abandoned, on account of their 
being so dangerous, were constructed, I suppose, 
on a different principle. 

MRS. B. 

They were filled simply with atmospherical air, 
considerably rarefied by heat; and the necessity of 
having a fire underneath the balloon, in order to 
preserve the rarefaction of the air within it, was the 
circumstjince productive of so much danger. 

If you are not yet tired of experiments, I have 
another to show you. It consists in filling soap- 
l>ubbles with a mixture of hydrogen and oxygen 
gases, in the proportions which form water; and 
afterwards setting fire to theiu. 

EMILY. 

They wall detonate, I sup[x>se ? 

MRS. B. 

Yes, tliey will. As you have seen tlie methoil of 
transferring the gas from the receiver into the blad- 
der, it is not necessary to repeat it. I have there- 
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fore provided a bladder which contaiaB a due pro- 
|K>rtion of oxygen and hydrogen gases, and we have 
only to blow bubbles with it. 

CAROLINE. 

Here is a fine large bubble rising — shall I set 
fire to it with a candle? 

MRS. B. 

If you please 

CAROLINE. 

WTiat nn explosion ! — It was like the report of 
a gun : I confess it frightened me much. 1 never 
should have imagined it could be so loud. 

EMILY. 

And the flash was as vivid as liglitning. 

MRS. B. 

The combination of tlic two gases takes place 
during that instant of time in which you see the 
flash, and hear tlie detonation. 

EMILY. 

This has a strong resemblance to thunder and 
lightning. 

MRS. B. 

These phenomena, however, are generally of 
an electrical nature. Yet various meteorological 
effects may be attributed to accidental detonatiotis 
of hydrogen gas in the atmosphere ; for nature 
abounds with hydrogen ; it constitutes a veiy 
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siderable portion of the whole mass of water be* 
longing to our globe, and from that source almost 
every other botly obtains it. It enters into the 
composition of all animal substances, and of a great 
number of minerals; but it is most abundant ui 
vegetables. From this immense variety of bodies, 
it is often s}x>ntaneously disengaged ; its great 
levity makes it rise into die sujierior regions of the 
atmosphere ; and when either by an electrical 
spark, or any casual elevation of temperature, it 
takes fire, it may produce such meteors or lumi- 
nous appearances as are occasionally seen in die at- 
mosphere. Of this kind are probably diose broad 
flashes which we often see on a summer-evening, 
without hearing any detonation. 

EMILY. 

Every flasli, I suppose, must produce a quantity 
of water ? 

CAROLINE. 

And this water, naturally descends in the form 
of rain. 

MRS. B. 

That probably is often the case, though it is not 
a necessary consequence ; for the water may be 
dissolved by the atmosphere, as it descends towards 
the lower regions, and remain there in the form of 
clouds. 

The application of electrical attraction to che- 
mical phenomena is likely to lead to many very in- 
teresting discoveries in meteorology; fenr electricity 
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evidently acts a most important part in the atmo- 
sphere. "J'liis subject, however, is, as yet, not suffi- 
ciently developed for me to venture enlarging upon 
*it. The phenomena of the atmosphere are far from 
l>eing well understood ; and even with the little that 
is known, I am but imperfectly acquainted. 

But l>efore we take leave of hydrogen, I must 
not omit to mention to you a most interesting dis- 
covery of Sir II. Davy, which is connected with 
this subject. 

CAROLINE. 

You allude, I suppose, to the miner’s lamp, 
which has been so much talked of ? I have long 
been desirous of knowing what that discovery was, 
and what purpose it was intended to answer. 

MRS. B. 

It often happens in coal-mines, that quantities of 
the gas called by chemists h^dro-carhonai^ or by the 
miners (the same from which the gas- 

lights are obtained), ooze out from fissures in the 
beds of coal, and fill the cavities in which the men 
are at work : and this gas being inflammable, the 
consequence is, that when the men approach those 
places with a lighted candle, the gas takes fire, 
and explosions happen which destroy the men and 
horses employed in that part of the colliery, some- 
times in great numbers. 

EMILY. 

What tremendous accidents these must be ! But 
whence does that gas originate ? 
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MRS. B. 

Being the chief product of the combustion of 
coal, no wonder that inflammable gas should occa* 
sionally appear in situations in which this mineral 
abounds, since there can be no doubt that processes 
of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, there- 
fore, those accumulations of gas may arise either 
from combustions actually going on, or from former 
combustions, the gas having perhaps been confined 
there for ages. 

CAROLINE. 

And how does Sir H. Davy’s lamp prevent those 
dreadful explosions ? 

MRS. B. 

By a contrivance equally simple and ingenious ; 
and one which does no less credit to the philoso- 
phical views from which it was deduced, than to 
the philanthropic motives from which the enquiry 
sprung. The principle of the lamp is shortly this ; 
It was ascertained two or three years ago, both by 
Mr. Tennant, and by Sir Humphry himself, that 
the combustion of inflammable gas could not be 
propagated through small tubes ; so that if a jet of 
on inflammable gaseous mixture, issuing from a 
bladder or any otlier vessel, through a small tube, 
be set fire to, it burns at the orifice of tlie tube, but 
the flame never penetrates into the vessel. It is 
upon this feet that Sir Humphry’s safety lamp is 
founded. 
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EMILY. 

Stan, why does not tlie flame ever penetrate 
through the tube into the vessel from which the gas 
iasues, so as to explode at once the whole of the 

gas? 

MRS. B. 

Because, no doubt, the inflamed gas is so much 
cooled in its passage through a small tube as to 
cease to burn before the combustion reaches the 
reservoir. 

CAROLINE. 

And how can this principle be applied to the 
construction of a lamp? 

MRS. B. 

Nothing easier. You need only suppose a lamp 
enclosed all round in glass or horn, but having 
a number of small open tubes at the bottom, and 
others at the top, to let the air in and out. Now, 
if such a lamp or lanthern be carried into an atmo- 
sphere capable of exploding, on explosion or com- 
bustion of the gas will take place xcitkin the lamp ; 
and although the vent afforded by the tubes will 
save tlie lamp from bursting, yet, from the prin- 
ciple just explained, the combustion will not be 
propagated to the external air through the tubes, 
so that no farther consequence will ensue. 

EMILY. 

And is that all the mystery of that valuable 
lamp? 
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MRS. B. 

No ; in the early part of the enquiry a lamp of 
this kind was actually proposed; but it was but a 
rude sketch coiufxired to its present state of im- 
provement Sir H. Davy, after a succession of 
trials, by which he brought his lamp nearer and 
nearer to perfection, at last conceived the happy 
idea that if the lamp were surrounded with a wire- 
work or wire-gauze, of a close texture, instead of a 
glass or horn, the tubular contrivance I liave just 
described would be entirely superseded# since each 
of the interstices of the gauze would act os a tube 
in preventing the propagation of explosion ; so that 
this previous metallic covering would answer the 
various purposes of transparency, of permeability 
to air, and of protection against explosion. This 
idea, Sir Humphry immediately submitted to the 
test of experiment, and the result has answered his 
most sanguine expectations, both in his laboratory 
and in the collieries where it has already been 
extensively tried. And he has now the happiness 
of thinking that his invention is the means of saving 
every year a number of lives, which would have 
been lost in digging out of the bowels of the earth 
one of the most valuable necessaries of life. Here 
is one of these lamps, every part of which you will 
at once comprehend. (See Plate XIII. fig. 1.) 

CAROLINE. 

How very simple and ingenious ! But I do not 
yet well see why an explosion taking place withm 
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the lamp, should not communicate to the external 
air around it, through the interstices of’ the wire ? 

MRS. B. 

This has been and is still a subject of wonder, 
even to philosophers ; and the only mode they 
have of explaining it is, that flame or ignition can- 
not pass through a fine wire- work, because the 
metallic wire cools the flame suflicienlly to extin- 
guish it in passing through the gauze. This pro- 
perty of the wire-gauze is quite similar to that of 
the tubes which I mentioned on introducing the 
subject ; for you may consider each interstice of 
the gauze as an extremely short tube of a very 
small diameter. 


EMILY. 

But I should expect the wire would often become 
red-hot, by the burning of the gas within the lamp ? 

MRS. B. 

And this is actually the case, for the top of the 
lamp is very apt to become red-hot. But, fortu- 
nately, such inflammable gaseous mixtures ns are 
found in the mines cannot be exploded by red-hot 
wire, the intervention of actual flame being required 
for that purpose ; so that the wire does not set fire 
to the explosive gas around it. 

EMILY. 

I can understand that ; but if the wire be red- 
hot, how can it cool tlie flame witliin, and prevent 
its passing through the gauze ? 
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MRS. B. 

The gauze, though red-hot, u not so hot as the 
flame bv which it has been heated; and as metallic 
wire is a good conductor, the heat docs not much 
accumulate in it, as it passes oH’cjuickly to the other 
parts ot* the lamp, as well as to any contiguous 
bcKlies. 

CAROM NK. 

This is indeed a most interesting discovery, and 
one which shews at once the immense utility with 
which science may be practically applied to someoi 
the most important purposes. 
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ON SULPHUR AND PHOSPHORUS. 


MRS. B. 

We shall now proceed to the second division of 
the third Class, comprehending tlie bodies forming 
acids by their combination with oxygen. Of these 
we have already noticed Nitrogen. 

EMILY. 

But you have said nothing of its properties as 
an acid. 

MRS. B. 

Because we considered it, as we shall do the 
other elementary bodies, first in their simple state. 
When we treat of compound bodies, w'e shall ex- 
amine them in their combination with oxygen, 
and describe their properties as acids. 

Sulphur is the next substance that comes under 
our consideration. It differs in one essential point 
from the preceding, as it exists in a solid form at 
the temperature of the atmosphere. 

CAROLINE. 

I am glad that we have at last a solid lx)dy to 
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examine ; one that we can see and touch* Prayt 
is it not with sulphur that the points of matches 
are covered, to make them easily kindle ? 

MRS. B. 

Yes, it is; and you therefore already know that 
sulphur is a very combustible substance* It is sel-< 
dom discovered in nature in a pure unmixed state; 
so great is its affinity for other substances, that it 
is almost constantly found combined with some of 
them. It is most commonly united with metals, 
under various forms, and is separated from them 
by a very simple process. It exists likewise in 
many mineral waters, and some vegetables yield 
it in various proportions, especially those of the 
cruciform tribe. It is also found in animal matter; 
in short, it may be discovered in greater or less 
quantity in the mineral, vegetable, and animal 
kingdoms. 


EMILT. 

I have heard of Jlawers of sulphur; are thqr the 
produce of any plant ? 

MRS. B. 

By no means : they consist of nothing more 
than common sulphur, reduced to a very fine 
powder by a process called sublimation , — You see 
some of it in this phial ; it is exactly the same 
substance as this lump of sulphur, only its colour 
is a paler yellow, owing to its state of very ttinute 
division. 

VOJL. I. N 
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EMILY. 

Pray what is subUmation ? 

MKS. B. 

* It is the evaporation, or, more properly speak- 
ing, the volatilisation of solid substances, which, 
in cooling, condense again in a concrete form. 
The process, in this instance, must be performed 
in a closed vessel, both to prevent combustion, 
which would take place if the access of air were 
not carefully precluded, and likewise in order to 
collect the substance after the operation. As it 
is rather a slow process, we shall not try the expe* 
riment now ; but you will understand it perfectly 
if I shew you the apparatus used for the purpose. 
(Plate XIV. fig. 1.) Some lumps of sulphur arc 
put into a receiver of this kind, which is called a cu^ 
euriit Its shape, you see, somewhat resembles that 
of a pear, and it is open at the top, so as to adapt 
itself exactly to a kind of conical receiver of this 
sort, called the head. The cucurbit, thus covered 
with its head, is placed over a sand bath : this is 
nothing more tlian a vessel full of sand, which is 
kept heate^ by a furnace, such as you see here, so 
as to preserve the apparatus in a moderate and uni- 
form temperature. The sulphur then soon begins 
to melt, and immediately after this a thick white 
smoke rises, which is gradually deposited within 
the bead, or upper part of the apparatus, where it 
condenies against the sides, somewhat in the form 
of a vegetation, whence it has obtained the name of 
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flowers of sulphur. Tills appamtuS) which is callad 
un alembic^ is hii^hly useful in all kinds of distilla- 
tions, as you will see when we come to treat of 
those operations. Alembics are not commonly 
made of glass, like this, which is applicable only 
to distillations upon a very small scale. Those 
used in manufactories are usually made of copper, 
and are considerably larger. Tlie general con- 
struction, liowever, is always tlie same, although 
their sha[>e admits of some variation. 

CAROLINE. 

What is the use of that neck, or tube, which 
bends down from the upper piece of the appa- 
ratus ? 

MRS. B. 

It is of no u&e in sublimations ; but in distilla- 
tions (the general object of which is to evaporate, 
by heat, in closed vessels, the volatile parts of a 
compound body, and to condense them again into 
a liquid,) it serves to carry off the condensed fluid, 
which otherwise would fall back into the cucurbit. 
But this is rather foreign to our present subject. 
Let us return to the sulphur. You now perfectly 
understand, 1 suppose, what is meant by subli- 
mation ? 

EMILY. 

I believe I do. Sublimation appears to consist 
in destroying, by means of heat, the attraction of 
aggregation of t^ particles of a solid body, which 
are thus volatiUsed; andjas soon as they kaie the 
n2 
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caloric which produced that effect, they are depo- 
sited in the form of a fine powder. 

CAROLINE. 

It seems to me to be somewhat similar to the 
transformation of water into vapour, which returns 
to its liquid state when deprived of caloric. 

EMILY. 

There is this difference, however, that the sul- 
phur does not return to its former state, since, 
instead of lumps, it changes to a fine powder. 

MRS. B. 

Chemically speaking, it is exactly the same sub- 
stance, whether in the form of lump or powder. 
For if this powder be melted again by heat, it will, 
in cooling, be restored to the same solid state in 
which it was before its sublimation. 

CAROLINE. 

But if there be no real change produced by the 
sublimation of the sulphur, what is the use of that 
operation ? 

MRS. B. 

It divides the sulphur into very minute parts, 
and thus disposes it to enter more readily into com- 
bination with other bodies. It is used also as a 
means of purification ? 

CAROLINE. 

Sublimation appears to me, like the beginning 
of combustion, for the completioa of which one 
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circumstance only is wanting, the absorption of 
oxygen. 

MRS. B. 

But that circumstance is every thing. No es- 
sential alteration is produced in sulphur by subli- 
mation ; whilst in combustion it combines with the 
oxygen, and forms a new compound totally dif- 
ferent in every respect from sulphur in its pure 
state. — We shall now hum some sulphur, and you 
will see how very different tlie result will be. For 
this purpose I put a small quantity of flowers of 
sulphur into this cup, and place it in a dish, into 
which 1 have poured a little water : I now set Are 
to the sulphur with the point of this hot wire ; for 
its combustion will not begin unless its temperature 
be considerably raised. — You see that it burns 
witli a faint blueish flame : and as I invert over it 
this receiver, white fumes arise from the sulphur, 
and fill the vessel. — You will soon perceive that the 
water is rising within the receiver, a little above 
its level in the plate. — Well, Emily, can you ac- 
count for this ? 

EMILY. 

I suppose that the sulphur has absorbed the 
oxygen from the atmospherical air within the re- 
ceiver, and that we shall find some oxygenated 
sulphur in the cup. As for the white smoke, I 
am quite at ajoss to guess what it may be. 

MRS. B. 

Your first conjecture is very right ; but you are 
mistaken in the last ; for nothing will be left in the 
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cup. The white vapour is the oxygenatetl sulphur^ 
which assumes the form of an elastic fluid of a 
pungent and offensive smell, and is a powerful 
acid. Here you see a chemical combination, of 
oxygen and sulphur, producing a true gas, which 
would continue such, under the pressure and at the 
temj>erature of the atmosphere, if it did not unite 
with the water in the plate, to which it imparts its 
acid taste, and all its acid properties. — You see, 
now, with what curious effects the combustion of 
sulphur is attended. 

CAROLINE. 

This is something quite new; and I confess that 
I do not perfectly understand why the sulphur 
turns acid. 

MRS. B. 

It is because it unites with oxygen, which is the 
acidifying principle. And, indeed, tlie word oxy- 
gen is derived from two Greek words signifying to 
produce an acid. 

CAROLINE. 

Why, then, is not water, which contains such 
a quantity of oxygen, acid ? 

MRS. B. 

Because hydrogen, which is the other consti> 
tuent of water, is not susceptible of acidification. 
It is for this reason that it forms a division of itself, 
and is not placed in that which comprehends 
bodies capable of bekig acidified.--~I believe it will 
be necessary, before we proceed further, to say a 



SULPHUR. 


271 


few words of the general nature of acids, though 
it is rather a deviation from our plan of examining 
the simple bodies separately, before we consider 
them in a state of combination. 

Acids may l)e considered as a peculiar class of 
burnt bodies, which during their combustion, or 
combination with oxygen, have acquired very 
characteristic properties. They are chiefly dis- 
cernible by their sour taste, and by turning red 
most of tile blue vegetable colours. These two 
properties are common to the whole class of acids; 
but each of them is distinguished by other peculiar 
qualities. Every acid consists of some particular 
substance (wliicli constitutes its basis, and is dif- 
ferent in each) and of oxygen, which is common 
to them all. 

EMILY. 

But I do not clearly see the difference between 
acids and oxides. 

MRS. B. 

Acids were, in fact, oxides, which, by the addi- 
tion of a sufficient quantity of oxygen, have been 
converted into acids. For acidification, you must 
observe, always implies previous oxidation, as a 
body must have combined with the quantity of 
oxygen requisite to constitute it an oxide, before it 
can combine with the greater quantity which is 
necessary to render it an acid. 

CAROLINE. 

Are all oxides capable of being converted into acids? 
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MRS. B. 

Very far from it ; it is only certain substances 
which will enter into that j>e^uliar kind of union 
with oxygen that produces acids, and the number 
of these is proportionally very small ; but all burnt 
bodies may be considered as belonging either to 
the class of oxides, or to that of acids. At a future 
period we shall enter more at large into this sub* 
ject. At present, I have but one circumstance 
further to point out to your observation respecting 
acids : it is, that most of them are susceptible of 
two degrees of acidification, accortling to the dif- 
ferent quantities of oxygen with which their basis 
combines. 


EMILY. 

And how are these two degrees of acidification 
distinguished ? 

MRS. B. 

By the peculiar properties which result from 
them. The acid we have just made is the first or 
weakest degree of acidification, and is called sul- 
ph^'eotis acid ; if it were fully saturated with oxy- 
gen, it would be called snlphuric acid. You must 
therefore remember, that in this, as in ail acids, 
the first degree of acidification is expressed by the 
termination in oas ; the stronger by the termination 
in ic. 


CAROLINE. 

And how is the sulphuric acid made ? 
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MRS. B. 

By burning sulphur, over water, in pure oxygen 
gas, and thus rendering its combustion much more 
complete. I have provided some oxygen gas for 
this purpose ; it is in that bottle, but we must first 
decant the gas into the glass receiver which stands 
on the shelf in the bath, and is full of water. 

CAROLINE. 

Pray, let me try to do it, Mrs. B. 

MRS. B. 

It requires some little dexterity — hold the bottle 
completely under water, and do not turn the 
mouth upwards, till it is immediately under the 
aperture in the shelf, through which the gas is to 
pass into the receiver, and tlien turn it up gradu- 
ally, — Very well ; you have only let a few bubbles 
esca}>e, and that must be expected on a first trial. — 
Now I shall put this piece of sulphur into the 
receiver, through Uie opening at the top, and 
introduce along with it a small piece of lighted 
tinder to set fire to it — This requires being done 
very quickly, lest the atmospherical air should 
obtain entrance and mix with the pure oxygen gas. 

EMiLV. 

How beautifully it bums ! 

CAROLINE. 

But it is already buried in tlie thick vapour, 
lliis, 1 suppose^ is sulphuric acid ? 

N 3 
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EMrLY. 

Are diese acids always in a gaseous state ? 

MRS. B. 

Sulphureous acid, as we have already observed, 
is a permanent gas, and can be obtained in a liquid 
form only by condensing it in water. In its pure 
state, the sulphureous acid is invisible, and it now 
appears in the form of a white smoke, from its 
combining with the moisture. But the vapour of 
sulphuric acid, which you have just seen to rise 
during the combustion, is not a gas, .but only a 
vapour, which condenses into liquid sulphuric 
acid, by losing its caloric. It appears however 
from Sir H. Davy’s experiments, that this forma- 
tion and condensation of sulphuric acid recjuires 
the presence of water, for w'hich purpose the va- 
pour is I'eceived into cold water, which may alter- 
wards be separated from the acid by evaporation. 

Sulphur has hitherto been considered as a sim- 
ple substance; but Sir H. Davy has suspected 
that it contains a small portion of hydrogen, and 
perhaps also of oxygen. 

On submitting sulphur to the action of ihe Vol- 
taic battery, he found that the negative wire gave 
out hydrogen; and the existence of hydrogen 
in sulphur was rendered still more probable, by 
his observing that a small quantity of water whs 
produced during tlie combustion of sulphur. 

EMILY. 

And pray of what nal^ire is sulphur when per- 
fectly pure ? 
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MRS. B. 

Sulphur has probably never been obtained per- 
fectly free from combination, so that its radical 
may possibly possess properties very different from 
those of common sulphur. It has been suspected 
to be of a metallic nature ; but this is mere con- 
jecture. 

Before we quit the subject of sulphur, 1 must 
tell you that it is susceptible of combining with a 
great variety of substances, and especially with 
hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 

EMILV. 

What ! can a gas dissolve a solid substance ? 

MRS. B. 

Yes; a solid substance may be so minutely 
divided by heat as to become soluble in gas: and 
of this there are several instances. But you must 
observe, that, in the present case, a chemical 
union or combination of the sulphur with the hydro- 
gen gas is produced. In order to effect this, the 
sulphur must be strongly heatetl in contact with 
the gas; tlie heat reduces the sulphur to such a state 
of extreme division, and diffuses it so thoroughly 
through the gas, that they combine and incorpo- 
rate together. And as a proof that there must be 
a chemical union between the sulphur and the gas, 
it is sufficient to remark that they are not sepa- 
rated when the sulphur loses the caloric by which 
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it was volatilised. Besides, it is evident, from, 
the peculiar fetid smell of this gas, that it is a new 
compound totally different from either of its con- 
stituents; it is called sidphuretted hydrogen gas^^ 
and is contained in great abundance in sulphureous 
mineral waters. 

CAROLINE. 

Are not the Harrowgate waters of this nature ? 

MRS. B. 

Yes; they are naturally impregnated with sul- 
phuretted hydrogen gas, and there are many other 
springs of the same kind, which shows that this 
gas must often be formed in the bowels of the earth 
by spontaneous processes of nature. 

CAROLINE. 

And could not such waters be made artificially 
by impregnating common water with this gas ? 

MRS. B. 

Yes ; they can be so well imitated, as perfectly 
to resemble the Harrowgate waters. 

Sulphur combines likewise with phosphorus, 
and with the alkalies, and alkaline earths, sub- 
stances with which you are yet unacquainted. We 
cannot, therefore, enter into these combinations 
at present In our next lesson we shall treat of 
}>liosphorus. 

EMILY. 

May we not begin that subject to-day ; this les- 
son has been so short ? 
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MRS. B« 

I have no objection, if you are not tired. What 
do you say, Caroline ? 

CAROLINE. 

1 am as desirous ns Emily of prolonging the les* 
son to-day, especially as we are to enter on a new 
subject ; for I confess thaf sulphur has not appear- 
ed to me so interesting as the other simple bodies. 

MRS. B. 

Perliaps you may find phosphorus more enter- 
taining. You must not, however, be discouraged 
when you meet with some parts of a study less 
amusing than others ; it would answer no good 
purpose to select the most pleasing parts, since, 
if we did not proceed with some metliod, in order 
to acquire a general idea of the w'hole, we could 
scarcely exj)ect to take interest in any particular 
subjects. 


PHOSPHORUS. 

Phosphorus is considered ns a simple body ; 
though, like sulphur, it has been suspected of con- 
taining hydrogen. It was not known by the earlier 
chemists. It was first discovered by Brandt, a che- 
mist of Hamburgh, whilst employed in researches 
after the philosopher’s stone ; but the method of 
obtaining it remained a secret till it was n second 
time discovered both by Kuiickel and Boyle, in 
the year 1680. You see a specimen of phosulionis 
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in this phial ; it is generally moulded into small 
sticks of a yellowish colour, as you find it here. 

CAROLINE. 

1 do not uriderstand in w^hat the discovery con- 
sisted : there may be a secret mode of making an 
artificial composition ; but how can you talk of 
making a substance which naturally exists ? 

MRS. B. 

A body may exist in nature, so closely combined 
with other substances, as to elude the observation 
of chemists, or render it extremely difficult to ob- 
tain it in its separate state. This is the case with 
phos[)iiorus, which is always so intimately com- 
bined with other substances, that its existence re- 
mained unnoticed till Brandt discovered the means 
of obtaining it free from other combinations. It 
is found in all animal substances, and is now chiefly 
extracted from bones, by a chemical process. It 
exists also in some plants which bear a strong 
analogy to animal matter in their chemical com- 
position. 

EMILY. 

But it is never found in its pure separate state? 

MRS. B. 

Never ; and this is the reason that it remained 
so long undiscovered. 

Phosphorus is eminently combustible ; it melts 
and takes fire at the temperature of one hundred 
degrees, and absorbs in its combustion nearly once 
and a half its own weight of oxygen. 
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CAROLINE. 

What ! will a pound of phosphorus consume a 
pound and a half of oxygen. 

MRS. B. 

So it appears from accurate experiments. I can 
show you with what violence it combines with 
oxygen, by burning some of it in that gas. We 
must manage the experiment in llie same manner 
as w^e did the combustion of sulphur. You see 
I am obliged to cut this little bit of phosphorus 
under water, otherwise there would be danger of 
its taking fire by the heat of my fingers. I now 
put it into tlie receiver, arid kindle it by means of 
a hot wire. 


EMILY. 

Wliat a blaze 1 I can hardly look at it, I never 
saw anv thing so brilliant. Does it not hurt vour 
eyes, Caroline ? 

CAROLINE. 

Yes : but still I cannot help looking at it. A 
prodigious quantity of oxygen must, indeed, l>e 
absorbed, when so much light and caloric are dis- 
engaged ! 

MRS. n. 

In the combustion of a pound of phosphorus, a, 
sufficient quantity of caloric is set free to melt up- 
wards of a hundred pounds of ice: this has been 
computed by direct experiments with the calori- 
meter. 



280 


PHOSPHORUS. 


EMILY. 

And is the result of this combustion, like that of 
sulphur, an acid ? 

MRS. B. 

Yes: phosphoric acid. And had we duly pro- 
portioned the phosphorus and the oxygen, they 
would have been completely converted into phos- 
phoric acid, weighing together, in this new state, 
exactly the sum of their weights separately. The 
water would have ascended into the receiver, on 
account of the vacuum formed, and would have 
filled it entirely. In this case, as in the combus- 
tion of sulphur, the acid vapour formed is absorbetl 
and condensed in the water of the receiver. But 
when this combustion is performed without any 
water or moisture being present, the acid then ap- 
jrears in the form of concrete whitish flakes, which 
are, however, extremely ready to melt upon the 
least admission of moisture. 

EMILY. 

Does phosphorus, in burning in atmospherical 
air, produce, like sulphur, a weaker sort of the 
same acid ? 


MRS. B. 

No : for it burns in atmospherical air, nearly at 
the same temj)erature as in pure oxygen gas ; and 
it is in both cases so strongly disposed to combine 
with die oxygen, that the combustion is perfect, 
and die product similar; only in atmospherical air, 
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being less rapidly supplied with oxygen, the process 
is performed in a slower manner. 

CAROLINE. 

But is there no method of acidifying phosphorus 
in a slighter manner, so as to form phosphorous 
acid ? 

MRS. B. 

Yes, there is. When simply exposed to the 
atmos])here, phosphorus undergoes a kind of slow 
combustion at any temperature above zero. 

EMILY. 

Is not the process in this case ratlier an oxid- 
ation than a combustion ? For if the oxygen be 
too slowly absorbed for a sensible quantity of light 
and heat to be disengaged, it cannot be a true com- 
bustion. 

MRS. B. 

The case is not as you suppose : a faint light is 
emitted, which is very discernible in the dark; but 
the heat evolved is not sufficiently strong to be sen- 
sible : a whitish vapour arises from this combustion, 
which, uniting with water, condenses into liquid 
phosphorous acid. 

CAROLINE, 

Is it not very singular that phosphorous should 
burn at so low a temperature in atmospherical air, 
whilst it does not burn in pure oxygen without the 
application of heat? 
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MRS. B. 

So it at first appears. But this circumstance 
seems to be owing to the nitrogen gas of tlie atmo- 
sphere. This gas dissolves small particles of phos- 
phorus, which, being thus minutely divided and dif- 
fused in the atmos})herical air, combines with the 
oxygen, and undergoes this slow combustion. But 
the same effect does not take place in oxygen gas, 
because it is not capable of dissolving phosphorus : 
it is therefore necessary, in this case, that heat 
should be applied to effect that division of particles, 
which, in the former instance, is produced by the 
nitrogen. 

EMILY. 

I have seen letters written with phosphorus 
which are invisible by day-light, but may be read 
in the dark by their own light. They look as if 
they were written with fire ; yet they do not seem 
to burn. 

MRS. B. 

But they do really burn ; for it is by their slow 
combustion that the light is emitted; and phos- 
phorous acid is the result of this combustion. 

Phosphorus is sometimes used as a test to esti- 
mate the purity of atmospherical air. For this 
purpose, it is burnt in a graduated tube, called an 
Eudiometer (Plate XIV. Fig. 2.), and the propor- 
tion of oxygen in the air examined is deduced from 
the quantity of air which the phosphorus absorbs ; 
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for the phosphorus will absorb the whole of the 
oxygen, and the nitrogen alone will remain. 

EMILY. 

And the more oxygen is contained in the atmo- 
sphere, the purer, I suppose, it is esteemed ? 

MRS. B. 

Certainly. Phosphorus, when melted, combines 
with a great variety of substances. With sulphur 
it forms a compound so extremely combustible, 
that it immediately takes fire on coming in contact 
with the air. It is with this composition that phos- 
phoric matches are prepared, which kindle as soon 
as they are taken out of their case, and are exposed 
to the air. 

EMILY. 

I have a box of these curious matches ; but I 
have observed that, in very cold weather, they will 
not take fire without being previously rubbed. 

MRS. B. 

By rubbing them you raise their temperature ; 
for you know, friction is one of the means of extri- 
cating heat. 

EMILY. 

Will phosphorus, like sulphur, combine with 
hydrogen gas ? 

MRS. B. 

Yes ; and the compound gas which results from 
this combination has a smell still more fetid than 
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the sulphuretted hydrogen; it resembles that of 
garlic. 

Tht phosphoretted hydrogen gas has this remark- 
able peculiarity, that it takes fire spontaneously 
in the atmosphere, at any temperature. It is thus, 
probably, that are produced those transient flames, 
or flashes of light, called by the vulgar WilUof^he 
fVispi or, more properly, Ignes-fatuiy which are 
often seen in church-yards, and places where the 
putrefactions of animal matter exhale phosphorus 
and hydrogen gas. 

CAROLINE. 

Country people, who are so much frightened by 
those appearances, would soon be reconciled to 
them, if they knew from what a simple cause they 
proceed. 

MRS. B. 

There are other combinations of phosphorus 
tliat have also very singular properties, particularly 
that which results from its union with lime. 

EMILY. 

Is tliere any name to distinguish the combination 
of two subsUinces, like phosphorus and lime, nei- 
ther of which are oxygen, and which cannot tliere- 
fore produce either an oxide or an acid ? 

MRS. B. 

The names of such combinations are composed 
from those of their ingredients merely by a slight 
cliange in their termination. Thus tlie combiua- 
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tion of sulphur with lime is called a stdphuret^ and 
that of phosphorus, a phosphoret of lime. This 
latter compound, I was going to say, has the sin- 
gular property of decomposing water, merely by 
being thrown into it. It effects this by absorbing 
the oxygen of water, in consequence of which bub- 
bles of hydrogen gas ascend, holding in solution a 
small quantity of phosphorus. 

EMILY. 

These bubbles then are phosphoretted hydrogen 
gas? 

MRS. B. 

Yes ; and they produce the singular appearance 
of a flash of fire issuing from water, as the bubbles 
kindle and detonate on the surface of the water, 
at the instant that they come in contact with the 
atmosphere. 

CAROLINE. 

Is not this effect nearly similar to that produced 
by the combination of phosphorus and sulphur, or, 
more properly speaking, tlm phosphoret of sulphur ? 

MRS. B. 

Yes : but the phenomenon appears more extra- 
ordinary in this case, from the presence of water^ 
and from the gaseous form of the combustible com- 
pound. Besides, the experiment surprises by its 
great simplicity. You only throw a piece of phos- 
phoret of lime into a glass of water, and bubbles of 
fire will immediately issue from it. 
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CAROLINE. 

Cannot we try tbe^xperiment ? 

MRS. R. 

Very easily; but we must do it in the open air ; 
for the smell of the phosphoretted hydrofren gas 
is so extremely fetid, that it would be intolerable 
in the house. But before we leave the room, we 
may produce, by another process, some bubbles of 
the same gas, which arc much less offensive. 

There is in this little glass retort a solution of 
potash in water ; I add to it a sniall piece of phos- 
phonos. We must now heat the retort over the 
lamp, after having engaged its neck under water 
— you see it begins to boil ; in a few minutes bub- 
b|e|^will appear, which take fire and detonate as 
thej^ 4;i6ue from tlie water. 

CAROLINE. 

There is one — and another. How curious it is ! 
t^But I do not understand how this is produced. 

MRS. B. 

the consequence of a display of affinities too 
complicated, I fear, to be made perfectly intelligible 
to you at present. 

In a few words, the reciprocal action of the pot- 
ash, phosphorus, caloric, and water are such, that 
some of the water is decomposed, and the hydro- 
gen gas thereby formed carries off* minute par- 
ticles of phosphorus, with which it forms phos- 
j^horetted hydrogen gas, a compound -which spon- 
taneously takes fire at'iAnost any temperature. 
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CONVERSATION X. 

ON CARBON. 


CAROLINE. 

To-day, Mrs. B., I believe we are to learn the 
nature and properties of Carbon. This sub- 
stance is quite new to me ; I never heard it men- 
tioned before. 


HRS. B. 

Not so new as you imagine ; for carbon is no- 
thing more than charcoal in a state of purity ; that 
is to say, unmixed with any foreign ingredients. 

CAROLINE. 

But charcoal is made by art, Mrs. B., and how 
can a body consisting of one simple substance be 
fabricated ? 


MRS. B* 

Yoq again confound the idea of making a sim- 
ple body, with that of separating it from a com- 
pound. The chemical processes by which a sim- 
ple body is obtained in a state of purity consist in 
unmaking the compound in which it is contained, 
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in order to se})arate from it the simple substance 
ill question. The method by which charcoal is 
usually obtainetl, is, indeed, commonly called 
making it; but, upon examination, you will find 
this process to consist simply in separating it from 
other substances with which it is found combined 
in nature. 

Carbon forms a considerable part of the solid 
matter of all organized bodies; but it is most 
idmndant in the vegetable creation, and it is chiefly 
obtained from wood. When the oil and water 
1 which are other constituents of vegetable matter) 
are evaporated, the black, porous, brittle substance 
that remains, is charcoal. 

CAKOLlXi:. 

r>ut if heal be applied to the wood in order to 
evaporate the oil and w^ater, will not the tempe- 
rature of the charcoal be raised so as to make it 
burn ; and if it combines with oxygen, cun we any 
longer call it pure ? 

Mils. B. 

I was going to add, that, in this operation, the 
air must be excluded. 

CAROLINE. 

How then can the vapour of the oil and water 
fly off ? 

MRS. B. 

In order to produce charcoal in its purest state, 
(which is, even then, but ;i less imperfect sort o(‘ 

VOL. 1 . o 
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carbon) the operation ahould be performed in an 
earthen retort. Heat being applied to the body 
of the retort, the evaporable part of the wood will 
escape through its neck, into which no air can 
penetrate as long as the heated vapour continues 
to fill it. And if it be wished to collect these vola- 
tile products of the wood, this can easily be done 
by introducing the neck of the retort into the 
water-bath apparatus, with which you are ac- 
quainted. But the preparation of common char- 
coal, such as is used in kitchens and manufactures, 
is performed on a much larger scale, and by an 
easier and less expensive process. 

EMILY. 

1 have seen the process of making common char- 
coal. The wood is ranged on the ground in a pile 
of a pyramidical form, with a fire underneath ; the 
whole is then covered with clay, a few holes only 
being left for the circulation of air. 

MRS. B. 

These holes are closed as soon as the wood is 
fairly lighted, so tliat the combustion is cliecked, 
Or at least continues but in a very imperfect man- 
ner ; but the heat produced by it is sufficient to 
force out and volatilize, through the earthy cover, 
most pert of the oily and watery principles of tlie 
wood, although it cannot reduce it to ashes. 

EMILY. 

pure cacboq as Uadk as charcoal ? 
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The purest carbon we an prepare is so ; but 
chemists have never yet been able to separate it 
entirely from hydrogen. Sir H. Davy says, that 
the most perfect carbon that is prepared by art 
contains about five per cent, of hydrogen : he is 
of opinion, that if we could obtain it quite free 
from foreign ingredients, it Would be metallic, in 
common with other simple substances. 

But there is a form under which charcoal appears, 
that I dare say will surprise you. — This ring I 
wear on my finger, owes its brilliancy to a small 
piece of carbon. 


CAROLINE. 

Surely you are jesting, Mrs. B. — I thought your 
ring Mas diamond ? 

MRS. B. 

It is so. But diamond is nothing more than 
carbon in a crystallized state. 

EMILY. 

That is astonishing I Is it possible to see two 
things apparently more different than diamond and 
charcoal ? 

CAROLINE. 

It is, indeed, curious to think that we adorn our- 
selves with jewels of charcoal ! 

MRS. B. 

There are many othe^ substances, cwsistiiig 

o2 
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dliefly of carbon, that are remarkably white. 
Cotton, for instance, is almost wholly carbon. 

CAROLINE. 

That, I own, I could never have imaLrined ! — 
Dut pray, Mrs. B., since it is known of what sub- 
stance diamond and cotton are composed, why 
should they not be manufactured, or imitated, by 
some chemical process, which would render them 
jnuch cheaper, and more plentiful than the preseiit 
mode of obtaining them? 

You might as well, iny dear, propose tlmt we 
should make flowers and fruit, nay, j)erhaps even 
animals, by a chemical process; for it is known 
of what these bodies consist, since every thing 
which we are acquainted with in nature is formed 
from the various simple substances that we have 
enumerated. But you must not suppose that a 
know'ledge of the component parts of a body will 
in every case enable us to imitate it. It is much 
less difficult to decompose bodies, and discover of 
what materials they are made, than it is to recom- 
pose them. The first of these processes is called 
anali/sisy the last synthesis. When we are able to 
ascertain the nature of a substance by both tliese 
methotls, so that the result of one confirms that of 
the other, we obtain tlie most complete knowledge 
of it that we are capable of acquiring. This is 
the case with whaler, with the atmosphere, with 
most dl the oxides, acids, and neutral salts, ami 
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with many other compounds. But the more com- 
plicated combinations of nature, even in the mine- 
ral kingdom, are in general beyond our reach, and 
any attempt to imiU\tc organised bodies must ever 
prove fruitless ; their formation is a secret which 
rests in the bosom of the Creator. You see there- 
fore how vain it would be to attempt to make cot- 
ton by chemical means. But, surely, we have no 
reason to regret our inability in this instance, when 
nature has so clearly pointed out a method of ob- 
taining it in perfection and abundance. 

CAROLINE. 

I did not imagine that the principle of life could 
be imitated by the aid of chemistry ; but it did not 
appear to me absurd to suppose that chemists 
might attain a perfect imitation of inanimate 
nature. 

MRS. B. 

They have succeeded in this point in a variety 
of instances; but, as you justly observe, the prin- 
ciple of life or even the minute and intimate 
organisation of the vegetable kingdom, are secrets 
which have almost entirely eluded the researches 
of philosophers ; nor do I imagine that human art 
will ever be capable of investigating them with 
complete success. 

EMILY. 

But diamond, since it consists of one simple 
unorganised substance, might be, one would think, 
perfectly imitable by art? 
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It is sometimes as much beyond our power to 
obtain a simple body in a state of perfect purity as 
it is to imitate a complicated combination ; for the 
operations by which nature separates bodies are 
frequently as inimitable as those which she uses for 
their combination. This is Che case with carbon ; 
all the efforts of chemists to separate it entirely 
from other substances have proved fruitless, and in 
the purest state in which it can be obtained by art, 
it still retains a portion of hydrogen, and probably 
of some other foreign ingredients’^. We arc igno- 
rant of the means which nature employs to crys- 
tallize it. It may possibly be the work of ages, to 
purify, arrange, and unite the particles of carbon in 
the form of diamond. Here is some charcoal in the 
purest state in which we can procure it : you see 
that it is a very black, brittle, light, porous substance, 
entirely destitute of either taste or smell. Heat, 
without air, produces no alteration in it, as it b not 
volatile ; but, on the contrary, it invariably remains 
at the bottom of the vessel after all the other parts 
of the vegetable are evaporated. 

EMILY. 

Yet carbon is, no doubt, combustible, since you 

♦ Mr. W. Hare has recently discovered a mode of render- 
ing the action of the galvanic pile extremely intense, by which 
means he has been enabled to melt small particles of carbon 
in vacuo, in which state they are said to assume the properties 
of the diamond. < ^ 
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say that charcoal would absorb oxygen if air were 
admitted during its preparation ? 

CAROLINE. 

Unquestionably. Besides, you know, Emily, 
how much it is used in cooking. But pray what 
is the reason that charcoal burns without smoke, 
whilst a wood fire smokes so much ? 


MRS. B. 

Because, in the conversion of wood into char- 
coal, the volatile particles of the former have been 
evaporated. 

CAROLINE. 

Yet I have frequently seen charcoal bum with 
flame ; therefore it must in that case contain some 
hydrogen. 

MRS. B. 

You should recollect that charcoal, especially 
that which is used for common purposes, is not 
perfecUy pure. It generally retains some remains 
of the various other component parts of vegetables, 
and hydrogen particularly, which accounts for the 
flame in question. 

CAROLINE. 

But what becomes of the carbon itself during its 
combustion ? 

MRS. B. 

It gradually combines with the oxygen of the 
atiDo^here, in the same way as sulpliur and phos- 
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phorus, and, like those substances, it is converted 
into a peculiar acid, which flies off in a gaseous 
form. There is this difference, however, that the 
acid is not, in this instance, as in the two cases just 
mentioned, a mere condensable vapour, but a per- 
manent elastic fluid, which remains in the state of 
gas, under any ordinary pressure and temperature. 

It has been recently discovered, as I have already 
mentioned, that carbonic acid gas may, by a very 
powerful pressure, be condensed into a liquid. 
The nature of this acid was first ascertained by 
Dr. Black, of Edinburgh ; and, before the intro- 
duction of the new nomenclature, it was called jixed 
air. It is now distinguished by the more appro- 
priate name of carbonic acid gas, 

EMILY. 

Carbon, then, can be volatilized by burning, 
though by heat alone, no such effect is produced ? 

MRS. B. 

Yes ; but then it is no longer simple carbon, but 
an acid of which carbon forms the basis. In this 
state, carbon retains no more appearance of solidity 
or corporeal form, than the basis of any other gas. 
And you may, I think, from this instance, derive 
a more clear idea of the basis of the oxygen, hy- 
drogen, and nitrogen gases, the existence of which, 
as real bodies, you seemed to doubt, because they 
were not to be obtained simply in a solid form. 

EMILY. 

That is true : we may conceive the basis of the 
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oxygen, and of the other gases, to be solid, heavy 
substances, like carbon ; but so much expanded by 
caloric as to become invisible. 

CAROLINE. 

But does not the carbonic acid gas partake of 
the blackness of charcoal ? 

MRS. B. 

Not in the least. Blackness, you know, does 
not appear to be essential to carbon, and it is pure 
carbon, and not charcoal, that we must consider as 
the basis of carbonic acid. We shall make some 
carbonic acid, and, in order to hasten the process, 
we shall burn the carbon in oxygen gas. 

EMILY. 

But do you mean, then, to burn diamond ? 

MRS. B. 

Charcoal will answer the purpose still better, 
being softer and more easy to inflame ; besides, the 
experiments on diamond are rather too expensive. 

CAROLINE. 

But is it possible to burn diamond ? 

MRS. B. 

Yes, it is ; and, in order to effect this combustion, 
nothing more is required than to apply a sufficient 
d^ree of heat by means of the blow-pipe, and of a 
stream of oxygen gas. Indeed it is by burning 
diamond that its chemical nature has been ascer- 
tained. It has long been known as a combustible 
o 3 
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substance, but it is' within these few years only 
that the product of its combustion has been proved 
to be pure carbonic acid. This remarkable disco- 
very is due to Mr. Tennant 

Now let us try to make some carbonic acid. — 
Will you, Emily, decant some oxygen gas from 
this large jar into the receiver in which we are to 
burn the carbon ? and I shall introduce this small 
piece of charcoal, with a little lighted tinder, which 
will be necessary to give the first impulse to the 
combustion. 

EMILY. 

1 cannot conceive how so small a piece of tinder, 
and tliat but just lighted, can raise the temperature 
of the carbon sufiiciently to set fire to it ; for it can 
produce scarcely any sensible heat, and it hardly 
touches the carbon. 

Mils. B. 

The tinder thus kindled has only heat enough 
to begin its own combustion, which, however, soon 
becomes so rapid in the oxygen gas, as to raise the 
temperature of the charcoal sufficiently for this to 
bum likewise, as you see is now tlie case. 

EMILY. 

1 am surprised that the combustion of carbon is 
not more brilliant; it does not give out near so 
much light or caloric as phosphorus, or sulphur. 
Yet since it combines with so much oxygen, why 
is not a proportional quantity of light am) heat 
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disengaged from the decomposition of the oxygen 
gas, and the union of its electricity with that of the 
charcoal ? 


MRS. B. 

It is not surprising thatiess light and heat should 
be liberated in this than in almost any other com- 
bustion, since the oxygen, instead of entering into 
a solid or liquid combination, as it does in the 
phosphoric and sulphuric acids, is employed in 
forming another elastic fluid ; it therefore parti with 
less of its caloric. 


EMILY. 

True ; and, on second consideration, It appears, 
on the contrary, surprising that the oxygen should, 
in its combination with carbon, retain a sufficient 
portion of caloric to maintain both substancei^fh a 
gaseous state. 

CAROLINE. 

We may then judge of the degree of solidity in 
which oxygen is combined In a burnt body^v by 
the quantity of caloric liberated during its com- 
bustion ? 

MRS. B. 

Yes; provided that you take into the account 
the quantity pf oxygen absorbed by the combusti- 
ble {^y, and observe the proportion which |he 
caloric bears tp it, ,, 

CAROLINE*^ ' 1 ' ^ 

But why should the wHter, RiWr ' the combustion 
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Because the carbonic*acid gas is gradual})^ ath 
sorbed by the water; and this effect would be pro- 
moted by shaking the receiver. 

EMILY. 

The charcoal is now extinguished, though it is 
not nearly consumed ; it has sucli an extraordinary 
avidity for oxygen, I suppose, that the receiver did 
not contain enough to satisfy the whole. 


MRS. B. 

That is certainly the case ; for if the combustion 
were performed in the exact proportions of 28 parts 
of carbon to 72 of oxygen, both these ingredients 
would disappear, and 100 parts of carbonic acid 
would be produced. 


CAROLINE. 

Carbonic acid must be a very strong acid, since 
it contains so great a proportion of oxygen ? 

MRS. B. 

That is a very natural inference ; yet it is erro- 
neous. For the carbonic is the weakest of all the 
acids. The strength of an acid seems to depend 
upon the nature of its basis, and its mode of com- 
bination, as well as u]K)n the proportion of tiie 
acidifying principle. The same quantity of oxy- 
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gen which will convert some bodies into 
acids, will only be suflBcient simply to oxidate 

Others. 

CAROLINE. 

Since this acid is so weak, I think chemists 
sliould have called it the carbonom, instead of the 
carbonic acid. 

EMILY. 

But, I suppose, the carbonous acid is still weak- 
er, and is formed by burning carbon in atmosphe- 
rical air. 

MRS. B. 

It has been lately discovered, that carbon may 
be converted into a gas, by uniting with a smaller 
proportion of oxygen ; but ns this gas does not 
possess any acid properties; it is no more than an 
oxide ; it is called gaseous oxide of carbon, 

CAROLINE. 

Pray is not carbonic acid a very wholesome gas 
to breathe, as it contains so much oxygen ? 

MRS. n. 

On the contrary, it is extremely pernicious. Oxy- 
gen, when in a state of combination with other 
substances, loses, in almost every instance, its re- 
spirable properties, and the salubrious effects which 
it has on the animal economy when in its uncon- 
fined state. Carbonic acid is not only unfit for 
respiration, but extremely deleterious if taken into 
the lungs. 
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You know, CardliDe, how very unwholesometbe 
fumes of burning charcoal are reckoned. 

CAROLINE. 

Yes; but to confess the truth, I did not consider 
that a charcoal fire produced carbonic acid gas. — 
Can this gas be condensed into a liquid ? 

MRS. B. 

No: for, as I told you before, it is a permanent 
elastic fluid. But water can absorb a certain quan« 
tity of this gas, and can even be impregnated witli 
it, in a very strong degree, by the assistance of 
agitation and pressure, as I am going to show you. 
I shall decant ^ome carbonic acid gas into this 
bottle, which I fill first with water, in order to ex- 
clude the atmospherical air ; the gas is then inti o- 
duced through the water, which you see it displaces, 
for it will not mix with it in any quantity, unless 
strongly agitated, or allowed to stand over it for 
some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occu- 
pied by the water. By corking the bottle, and 
then violently shaking it, in this way, 1 can mix 
the gas and water togethen-r-Now will you taste it? 

EMltY. 

It has a distinct acid taste, and appears full of 
little bubbles. ^ 


It possesses likewise aU the other piroperti^ of 
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acids, but, of course, iu a less degree than the 
pure carbpnic acid gas, as it is so much diluted by 
water. 

This is a kind of artificial Seltzer water. By 
analysing that which is produced by nature, it was 
found to contain scarcely any thing more than 
common water impregnated with ascertain pro- 
portion of carbonic acid gas. We are, therefore, 
able to imitate it, by mixing those proportions of 
water and carbonic acid. Here, my dear, is an 
instance in w hich, by a chemical process, we c<in 
exactly copy the operations of nature ; for the 
artificial Seltzer waters can be made in every re- 
aped similar to those of nature ; in one point, in- 
deed, the former have an advantage, since' they 
may be prepared stronger or weaker, as occasion 
requires. ‘ 

CAROLINE, 

I thought I had tasted such water before. 
w hat renders it so brisk and sparkling ? 

MRS. B. ^ « 

This sparkling, or, more correctly spiking, 
effervescence, is always occasioned by thetictibiri 
of an elastic fluid escaping from a liquid ; m- tHfe 
artificial Seltzer water, it is produced by the car- 
Ixinic acid, which, being ligliter than the water in 
which it was strongly condensed, flies off* w^ith great 
rapidity the instant the bottle is uncorked ; this 
makes it necessary to drink it immediately. The 
bubbling >wbtch took place in this botde was but 
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trifling, as the water was but very slightly impreg- 
nated with carbonic acid. It requires a particular 
apparatus to prepare the gaseous artificial mineral 
waters. 


EMILY. 

If, then, a bottle of Seltzer water remain for 
any length of time uncorked, I suppose it returns 
to the state of common water ? 

MRS. B. 

The whole of the carbonic acid gas, or very 
nearly so, will soon disappear; but there is like- 
wise in Seltzer water a very small quantity of soda, 
and of a few other saline or earthy ingredients, 
which will remain in the water, though it should 
be kept uncorked for any length of time. 

CAROLINE. 

Pray what kind of water is soda water which is 
so much drunk? 


MRS. B. 

It very much resembles Seltzer water, holding 
in solution, besides the gaseous acid, a particular 
saline substance, called soda, which imparts to the 
water certain medicinal qualities. 

CAROLINE. 

But how can these waters be so wholesome, since 
coi'bonic acid is so pernicious? 

MRS* B. 

A gas, though very prejudicial to breathe, may 
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be beneficial to the stomach. — But it would be of 
no use to attempt explaining this more fully at 
present. 

CAROLINE. 

Are waters never impregnated witli other gases ? 

MRS. R. 

Yes ; there are several kinds of gaseous waters. 
1 forgot to tell you that waters have, for some 
years past, been prepared, impregnated both witli 
oxygen and hydrogen gases. Tliese are not an 
imitation of nature, but are altogether obtained by 
artificial means. They have been lately used me- 
dicinally, particularly on the Continent, where, I 
understand, they ha^"e acquired some reputation. 

EMILV. 

If I recollect right, Mrs. B., you told us that 
carbon was capable of decomposing water ; the 
affinity between oxygen and carbon must, there- 
fore, be greater tlian between oxygen and hy- 
drogen ? 

MRS. B. 

Yes; but this is not tlie case, unless their tem- 
perature be raised to a certaiif degree. It is only 
w^hen carbon is red-hot, that it is capable of sepa- 
rating the oxygen from the hydrogen. Thus, if a 
small quantity of water be thrown on a red-hot 
fire, it will increase rather than extinguish the 
combustion ; for the coals or wood (both of which 
contain a quantity of carbon) decompose the water, 
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and supply the fire both with oaygen and hy^ 
drogm gases. If, on the contrary, aJarge mass of 
water be thrown over the fire, the diminution of 
heat thus produced is such, that the combustible 
matter loses the power of decomposing the water, 
and the fire is extinguished. 

EMILY. 

I have heard that fire-engines sometimes do 
more harm than good, and that they actually in- 
crease the fire when they cannot throw water enough 
to extinguish it. It must be owing, no doubt, to 
the decomposition of the water by the carbon dur- 
ing the conflagration. 

MRS. B. 

Certainly. — The apparatus which you see here 
(Plate XIV. fig. 3.) may be used to exemplify 
what we have just said. It consists in a kind of 
open furnace, through which a porcelain tube, 
containing charcoal, passes. To one end of the 
tube is adapted a glass-retort with water in it ; 
and the other end communicates with a receiver 
placed on the water-bath. A lamp being applied 
to the retort, and the water made to boil, the 
vapour is gradually^nveyed through the red-hot 
diarcoal, by which it is decomposed ; and the hy- 
drogen gas, which results from this decomposition, 
is ejected in the receiver. But the hydrogen 
thus obtained is far ftt>m being pure ; it retains 
in sdutioii a minate portion of carbon, and am- 
taint also a quanti^ of catrbontc acid* This ren* 
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ders it heavier than pure hj^rogen and gives 
it some peculiar properties : it is distinguished by 
the name of carbonated hydrogen gas* 

CAROLINE. 

And whence does it obtain the carbonic acid 
which is mixed with it ? 

EMILY. 

I believe I can answer that question, Caroline. 
— From the union of the oxygen (proceeding from 
the decomposed water) with the carbon, which, 
you know, makes carbonic acid. 

CAROLINE. 

True; 1 should have recollected that. — The 
product of the decomposition of water by red-hot 
charcoal, therefore, is carbonated hydrogen gas, 
and carbonic acid gas. 

MRS. B. 

You are perfectly right, now. 

Carbon is frequently found combined with hy«* 
drogen in a state of solidity, especially in coalf, 
which owe their combustible nature to these two 
principles. 

EMILY. 

Is it the hydrogen, then, that produces the flame 
of coals? 

MRS* B. 

It is SO ; and when all the hydrogen is emmmu 
ed, the carbon contiiifies to bum^ without flame. 
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But again, as I motioned when speaking of the 
gas lights, the hydrogen gas produced by the burn- 
ing of coals is not pure; for, during the combus- 
tion, particles of carbon are successively volatilized 
with the hydrogen, with which they form what is 
called a hydro-carhonat^ which is the principal 
product of this combustion. 

Carbon is a very bad conductor of heat ; for 
tins reason, it is employed (in conjunction with 
other ingredients) for coating furnaces and other 
chemical apparatus. 

EMILY. 

Pray what is the use of coating furnaces ? 

MRS. B. 

In most cases in which a furnace is used it is 
necessary to produce and preserve a great degree 
of heat, for which purpose every possible means 
are used to prevent the heat from escaping by com- 
municating with other bodies ; and this object is 
attained by coating over the inside of the furnace 
with a kind of plaster, composed of materials that 
are bad conductors of heat. 

Carbon, combined with a small quantity of iron> 
forms a compound called plumbago, or black-lead, 
of which pencils are made. This substance, agree- 
ably to the nomenclature, is a carburet of iron, 

EMILY. 

Why, then, is it called black lead ? 

MRS. B. 

It is an ancient name given to it by ignorant 
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people, from its shining metallic appearance : but 
M is certainly a most improper name for it, as 
there is not a particle of lead in the composition, 
'J'iicre is only one mine of this mineral, which is 
in Cumberland. It is supposed to approach as 
nearly to pure carbon as the best prepared char- 
coal does, as it contains only hve parts of iron, 
unadulterated by any other foreign ingredients, 
dliere is another carburet of iron, in which the 
iron, though united only to an extremely small 
proportion of carbon, acquires very remarkable 
properties : this is steel. 

CAROLINE. 

Really; and yet steel is much harder than iron? 

MRS. B. 

But carbon is not ductile like iron, and there- 
fore may render tlie steel more brittle, and pre- 
vent its bending so easily. Whether it is that the 
carbon, by introducing itself into the pores of the 
iron, and, by filling tlicm, makes the metal both 
harder and heavier; or whether this change de- 
pends upon some chemical cause, I cannot pre- 
tend to decide. But there is a subsequent opera- 
tion, by wliich the hardness of steel is very much 
increased, which simply consists in healing the 
steel till it is red hot, and then plunging it. into 
cold w^ater. 

C/urbon, besides the combination Just mentioned, 
enters into the composition of a vast number of 
natural productions ; such, for instance, as all the 
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various kinds of oils, which result from the com- 
biaation of carboa, hydrogen^ and caloric/ in va- 
rious proportions. 

EMILY. 

I thought that carbon, hydrogen, and caloric, 
formed carbonated hydrogen gas. 

MRS. B. 

That is the case when a small portion of car- 
bonic acid gas is held in solution by hydrogen gas. 
Different proportions of the same principles, to- 
gether with the circumstances of their union, pro- 
duce very different combinations ; of this you will 
see innumerable examples. Besides, we are not 
now talking of gases, but of carbon and hydrogen, 
combined only widi a quantity of caloric sufficient 
to bring tliem to tlie consistency of oil or fat. 

CAROLINE. 

But oil and fat are not of the same consistence ? 

■ ;• -Jf 

MRS. B. 

Fat is only congealed oil ; or oil, melted fat. 
'Fhe one requires a little more heat to maintain it 
in a fluid state than the other. Have you never 
observed the fat of meat turned to oil by the caloric 
it has imbibed from the fire ? 

EMILY. 

Yet in general, as salad-oil, and iamp-oii, 
da to &t when cold. 
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MRS. B. 

Not at the common temperature of the atmo- 
sphere, because they retain too much ^caloric to 
congeal at that temperature ; but if exposed to a 
sufficient degree of cold, their latent heat is extri- 
cated, and they become solid fat substances. Have 
you never seen salad-oil frozen in winter ? 

EMILY. 

Yes ; but it appears to me in that state very dif- 
ferent from animal fat. 

MRS. B. 

The essential constituent parts of either vege- 
table or animal oils are the same, carbon and 
hydrogen; tlieir variety arises from the different 
proportions of these substances, and from other 
accessory ingredients that may be mixed with 
them. The oil of a whale, and the oil of roses, 
are, in their essential constituent parts, the same ; 
but the one is impregnated with the offensive par- 
ticles of animal matter, the other with the delicate 
perfume of a flower. 

The difference of fixed oils^ and volatile or tsmi- 
Hal oils, consists also in the various proportions of 
carbon and hydrogen. Fixed oils are those which 
will not efvaporate without being decomposed ; this 
is the case with all commooFoils which contain a 
greater proportion of carbon than the essential oils. 
The essential oils (which comprehend the whole 
class of essences and perfumes) are lighter; they 
contain more equal proportions of carbon and 
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hydrogen, and are volatilized or evaporated witlt- 
out being decomposed. 

EMILY. 

' / ' . i ^ f 

When jou siiy that one kind of oil \^ill c\a- 
porate, and the other be decomposed, you mean, I 
stipple, by the application of hfeat ? ‘ 

if/d !i > I j ( 

, MRS. B. 

yj 1 

!)^y(:^n(?c^sarHy ; for there are oils that will e\a- 
porate sjowly at the common temperature of the 
i^pjosphere; but for a more rapid volatili:$atiorj, 
or,ibr ijieir decomposition, the assistance of heat is 
if^rpd. 

d H CAROLINE. 


now remember, I think, that fiit and oil 
nsri T^fllly the same substances, both consisting of 
ewbein and hydrogen ; that in fixed oil the cafr 
bon preponderates, and heat produces* a decon)^ 
position ; while in essential oils the proportion of 
hydrogen is greater, and lieat produces a volatili- 
didbn^nlv. 


1 K, 


I MILY. 


n 

dL C 


.^^upppse the reason why oil burns >p^we^l in 
^nps because its two constituents^ afc cppi- 
bi^^tibleV 


a iiM iL 


1 ^RS. B. 

' (^CJeitainly ; die combustion of dll is jsutMtho same 
isthatiof^icandle ; if^iowyit is.only odoiiPiNfmi- 
crete state ; if wax, or spermaceti, its chief chcoai':^ 
cal ingredients are still hydiogen and carbon.u • 



CARBON. 


SIS 


EMILY. 

I wonder, then, there should be so great a differ- 
ence between tallow and wax ? 

MRS. B. 

I must again repeat, that the same substances, 
in different proportions, produce results wliich have 
sometimes scarely any resemblance to each other. 
But this is rather a general remark that I wish to 
impress upon your minds, than one which is ap- 
plicable to the present case; for tallow and wax 
are far from being very dissimilar ; the chief dif- 
ference consists in the wax being a purer compound 
of carbon and hydrogen than the tallow, which 
retains more of the gross particles of animal mat- 
ter. The combustion of a candle, and tliat of a 
lamp, botli {iroduce w^ater and carbonic acid gas. 
Can you tell me how these are formed i 

EMILY. 

Let me reflect .... Both the candle and lamp 
burn by means of fixed oil — this is decomposed as 
the combustion goes on ; and the constituent parts 
of the oil being thus separated, the carbon unites 
with a portion of oxygen from the atmosphere to 
form carbonic acid gas, whilst the hydrogen com- 
bines with another portion of oxygen, and forms 
with it water. — The products, therefore, of the 
combuslkm of oils, are water and carbonic acid 
gas. 

roL, I. F 
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CAROLINE. 

But we see neither water nor carbonic acid pro- 
duced by the combustion of a candle. 

MRS. B. 

The carbonic acid gas, you know, is invisible, 
and the water being in a state of vapour, is so like- 
wise. Emily is perfectly correct in her explana- 
tion, and I am very much pleaseil with it. 

All the vegetable acids consist of various pro- 
portions of carbon and hydrogen, acidified by 
oxygen. Chims, sugar, and starch, are likewise 
composed of these ingredients; but, as the oxygen 
wdiich they contain is not sudlcienl to convert them 
into acids, they are classed with the oxides, and 
called vegetable oxides. 

CAROLINE. 

I am extremely delighted with all these new 
ideas ; but, at the same time, I cannot help being 
apprehensive that 1 may forget many of them. 

MRS. B. 

I would advise yon to take notes, or, what would 
answer better still, to write down, after every lesson, 
as much of it as you can recollect. And, in order 
to give you a little assistance, 1 shall lend you the 
heads or index, which 1 occasionally consult for 
the sake of preserving some method and arrange- 
ment in these conversations. Unless you follow 
some such plan, you cannot expect to retain nearly 
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all that you learn, how great soever be the impres- 
sion it may make on you at first. 

EMILY. 

I will certainly follow your advice. — Hitherto 
I have found that I recollected, pretty well, what 
you have taught us ; but the Ifistory of carbon is 
a more extensive subject than any of the simple 
bodies we have yet examined. 

MRS. B. 

I have little more to say on carbon at present ; 
but hereafter you will see that it performs a con- 
siderable part in most chemical operations. 

CAROLINE. 

Tliat is, I suppose, owing to its entering into 
the composition of so great a variety of sub- 
stances ? 

MRS. B. 

Certainly ; it is the basis, you have seen, of all 
vegetable matter; and you will find that it is very 
essential to the process of animal ization. But in 
the mineral kingdom also, particularly in its form 
of carbonic acid, we shall often discover it com- 
bined with a great variety of substances. 

In chemical operations, carbon is particularly 
useful, from its very great attraction for oxygen, 
as it will absorb this substance from many oxygen- 
ated or burnt bodies, and thus deoxygenate, or nn- 
hwTi them and restore them to their original com- 
bustible state. 
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CAROLINA. 

I do not understand how a body can be unhurntj 
and restored to ids inripiUJi^ l/f (Bhjs piece of 
tinder, for instance, which has been burnt, if by 
any means the oxygen were extracted from it, 
would not be restored to its former state of linen ; 
for its texture is destroyed by burning, and that 
must be the case with all organized or manu- 
factured substances, as you observed in a former 
conversation. 

A^cOimpouiKl body IS decompo^^tl Ly '|'oniblii- 
lioij in a way wlpdi generally p^idSes xbe^ pos- 
sibility of restoring it to its formet 'AtAte ^ thfe 
oxygen, for instance, does not become fixdJ In the 
tinder^ but it combines with its volatile parts, and 
flies off in tjiie shape of gas, or watery vapour, 
ypu see, ttierefore, how vain it w ould be to, attempt 
pie rec^Hiipositloii of such bodieis. But, with regard 
(o siniple bodies^ or at least bodies whose coni- 
}>oneiit parts are not disturbed by tpe process of 
d^ygem^tioii or deoxygenotion, it is often possible 
to restc^re tliera, after combustion, to ibeir original 
state.;— The metals, for instance, undergo no other 
a(ter^tipn \>y combustion tlian a copbiiiation with 
oxygen^ therefore, when the oxygen is tal&eti from 
them, Uiey return tp their pure metaAic^&Ute. 6'ut 
I sh say upthing furtherpf this at present^ as Ae 
metals will burnish anriple subject for anower nioni- 
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MRS. B. 

To proceed according to the .classification of simple 
Ixxlies which we have adopted, we should com- 
mence the subject of metals by treat: u ^ of those 
compreli^pded in the 2d and Sd division of the 
3d clasi^, which fo^ alkalies and earths by their 
cpinbination with oxygen. But as these simple 
bodies are of late discovery, having been concealed 
from .Qur view under the form of alkalies and of 
earths, I shall postpone entering into any account 
of them till we have examined those with which we 
are beUer acquainted, and leave them to terminaie 
our view of the simple bodies. 

The metals which we shall now treat of consti- 
tute tlie 5th division of tlie 3d class. They are 
either naturally metallic, or yield their oxygen to 
carbon or to heat alone, and are subdivided into 
nWleable and brittle metals. They are bodies of 
a j very d^ififerent nature frqm those which we have 
hitherto f^sidered. They do not, like the bases 
of^ ^|^es% eiucle the ^imm^iate observation of our 
senses ; lor ttieV are the most brilliariL the most 
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ponderous, and the most palpable substances in 
nature. 

CAROLINE. 

I doubt, however, whether the metals will appear 
to us so interesting, and give us so much entertain- 
ment as those mysterious elements which conceal 
themselves from our view. Besides, they cannot 
afford so much novelty ; they are bodies with which 
we are already so well acquainted. 

MRS. B. 

You are not aware, my dear, of the interesting 
discoveries which were a few years ago made by 
Sir H. Davy respecting this class of bodies. By 
the aid of the Voltaic battery, he has obtained from 
a variety of substances, metals before unknown, the 
jiroperties of which are equally new and curious. 
We shall begin, however, by noticing those metals 
with which you profess to be so well acquainted. 
But the acquaintance, you will soon perceive, is but 
very superficial; and 1 trust that you will find 
both novelty and entertainment in considering tlie 
metals in a chemical point of view. To treat of 
this subject fully, would require a whole course of 
lectures ; for metals form of themselves a mpst 
important branch of practical chemistry. We 
must, therefore, confine ourselv^i to a geaeral 
view of them. These bodies are seldom found 
naturally in Uieir metallic form : they are generally 
more or leas oxygenated or combined witli sulphur, 
garths, or acids, and are often blended vitb each 
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Other. They are found buried in tlie bowels of 
the earth in most parts of the world, but chiefly in 
mountainous districts, where the surface of the 
globe has been disturbed by earthquakes, volcanoes, 
and other convulsions of nature. They are spread 
in strata or beds, called veins, and these veins are 
composed of a certain quantity of metal, combined 
with various earthy substances, with which they 
form minerals of difterent nature and appearance, 
which arc called ores, 

CAROLINE. 

I now feel quite at home, for my father has 
a lead-mine in Yorkshire, and I have heard a 
great deal about veins of ore, and of the roasting 
and smelting of the lead; but, I confess, that 1 do 
not understand in what these operations consist. 

MRS. B. 

Roasting is the process by which the volatile 
parts of ore are evaporated ; smelting, that by 
which the pure metal is afterwards separated frrnn 
the earthy remains of the ore. This is done by 
throwing die whole into a furnace, and mixing with 
it certain substances which will combine with the 
earthy parts and other foreign ingredients of the 
ore ; the metal being the heaviest, hills to the bot- 
tofn, and runs out by proper openings it its pure 
metallic state. 

EMILY. 

You told us in a preceding lesson that metals 
had a great aflSnity for oxygen. Do they not* 
iherefoi^, combkie with oxygen, when stjpngly 
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heated in the furnace/ anc^ run out in the state of 

0xidss ? M t f t ' 1 ^ \ "f', 

No; for the scoriae, or oxide which soon forms 
on the sorfa9e of , die fo^d it^il^ oxid- 

able, prevents the air from having 40^ U?- 

flueDce^ pn the nias3; so tliat neither q^l^O^tioii 
nor o^ygenoxion can take place. , 

CAROLINE. " ^ ' 

Are all the metals equally combustible ? 

r - 

MBS. EU 

No ; thf^r attraction for oxygen varies extreiM^* 
There are some that will combine with itbidy Rt 
a very high temperature, or by the assistance of 
ackJs ; whilst there are others that oxidate Spon- 
taneously and with great rapidity, even at the 4 oWe 8 t 
temperature; such is, iu, particular, manganese, 
>yhich scarcely ever exists in the metallic sta^ as 
it( iraip^ifttcly absorbs oxygen on beipg ^^ppsed 
to tb^ air^ and crumbles to an oxide in the cqprse 
of a few hours. t ^ 

EMILY. 

Is not that the oxide from which you extracted 
the oxygen gas? ' ' " ^ 

MRS. B. , ^ 

his'. 'BO ^ftt, 3tou'Me,'1itiBtlI<fUllaitnbl»<tl7- 
^ Rtk loWt^tnjMfMui^i' aMd iMMM'ivithj'itiiwhsit 

i' " '! '! iw iu"» .'i/xo '■» >,11)0).^. 
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Is there any other metal which oxidates the 
temperature of the atmospli^re ? 

^ ^ MRS. B* ■ ' 

They r 11 do, more and less, cxeejiitlh^^^^Md, 
silv^i ahd pTatina. ' ^ 

“ ' Cbfi{fef, lead, and iron, oxidate slowly 
air, and cover themselves with a sort iR\^y ''n 
process which depend;? on tJ>e p^radual conversion of 
the surface into an oxide. . This rusty ^ijrfacjp^re- 
serves the interior metal from oxidation, as it 
prevents the air from cottfing in contact witli it. 
Stnictly speaking, Itoweven, the wor^l i^Iies 
only to the oxide, which forms on ihe 4 ^ri^^ iiof 
iron when exposed to air and moi$taj?e,^^which 
oxide appears to be united with a small ^mrtion.pf 
carbonic acid. 

KMrtLY. 

Wlien metals oxidate fVom the atmosj^hfere^ Wlh- 
ddt an elevation of temperature, some aiid 
hejftf, I suppose, mus^t be disengaged, thdti|^^^^i>t 
in sufficient quantities to be sensible. ^ 

» J . r 

MRS. B. 

Undoubtedly; and, indeed, it is not surprising 
that, in this case, the light and heat should 'iio?*l?)e 
sensible, when you cOtisidM* how extremely slow, 
^ iodeedi bow imperf^o^^ most juetais oxidate 
bf^ anere • fixpofiiwe tim: tbot^ai^pbeiia#)! JFsir ridje 
quantity of oxygen with which m0t(i}|{ 

B 3 
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of combining, generally depends upon their tem- 
perature ; and die absorption stops at various points 
of oxidation, according to the degree to which 
their temperature is raised. 

EMILY. 

That seems very natural ; for the greater the 
quahtity of caloric introduced into a metal, the 
more will its positive electricity be exalted, and 
consequently the stronger will be its aflinily for 
oxygen. 

MRS. B. 

Certainly. When the metal oxygenates with 
sufficient rapidity for light and heat to l>ecome sen- 
sible, combustion actually takes place. But this 
happens only at very high tern jieratu res, and the 
pro<luct is nevertheless an oxide ; for though, ns 1 
have just said, metals will combine with different 
proportions of oxygen, yet, with the exception of 
only five of dieni, they are not susceptible of aci- 
dification. 

M^itais change colour during the difierent degrees 
of oxidation whicli they undergo. Lead, when 
heated in contact with the atmosphere, first lie- 
coti)^ Rrey ; if its temperature be then raised, it 
turns yellow, and a still stronger heat changes it 
to red. And it is even capable of a stronger degree 
of oxidation, in which the oxide is pirr coloured. 
Iron becomes successively a green, brown, and 
white oxide. Copper changes from brown u> blue, 
xnd lastly green. 
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EMILY. 

Pray, is the white lead with which houses are 
painted prepared with oxidating lead ? 

MRS. B. 

Not merely by oxidating, but by being also 
united with carbonic acid. It is a carl)onat of 
lead. The mere oxide of lead is called red lead* 
Litliarge is another oxide of lead, eontnining less 
oxygen. Alm(»st all the metallic oxides are used 
as paints. The various sorts of ochres consist 
chiefly of iron more or less oxidated. And it is a 
remarkable circuiiistance, that if yon burn meuds 
rapidly, the light or flame they emit during com- 
bustion partakes of the colours whicli tlie oxide 
successively assumes. 

CA 1101.1 NE. 

How is that aca)uatcd for, Mrs. R,, since light 
does not proceed from the burning body, but froyi 
the decomposition of Ujc oxygen gas f 

MRS, B. 

The correspondence of the colour of the light 
with that of the oxide wdiich emits it, is, in all pro- 
babilit}", owing to some particles of* tl>e metal 
which arc volatilised and carried off by die caloric. 

CAROLINE. 

It is then a sort of metallic gas. 

EMILY. 

Why is it reckoned so unwholesome to breathe 
the air of a place in which metals are melting? 



m 


Perhaps the notion is too^ generally 
But it is true with respect to lead, and some o^er 
nikals, Waus^ ‘ilnle^i‘<iari^^i)e t^eti, the 
t^altii^W of thcpKide' yhidh are tlie 

h^ are inhaled with the breath, "and may produce 
dangerous effect^. ^ 

Imust show you some instances of the combus- 
tion dtmM ; it would require the he^ o^ a fur- 
nace to make them ^urn in the conimon air^, %ut It 
we supply them with a t^eain of oxygen ‘^as, we 
cinay easily accompHsh it. ^ n > i 

( • ^ I 

CAROLINE. 


^^^It^will Still, I siippps^ be n^ess^y fn de- 
i^ree to faisc their terpperaturp ^ ^ ^ 


MRS. a; 


^ ns you shall see,' W very ^^ify«|(bhk^nafti- 

ciilariy'if '^the expenmeht ^ fcri^ upqn a small 
\sclde.' — t' begin 4)y lighting (Jus piece of chaVioal 
ana '^tlieh increo^ Ihe rapid^^ of 
Its combustion by blowing i^pohltwitli ab1pw-pi^. 

(rtatc kv. %: t,r . 


nEMiLtlyi 

' {' do^t^bhddi^kabd;^ib^ it is tkk'€^y 

kind of air, but merely oxygen gas,' dtii pradti^ 
comlniation. Nowayou<said(:^tet in breathing ire 
nq^axpiol) ^ygeni Why, 
therefore, jMihstadhediliin^ 



1 ly * tir^ t hlfw # CmAmfitm <*^iiii<(H| m i / 

fn/m e mmmj w ^ *. myfm /hm • fttf k$ti^ 
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the blow-pipe promote .tlte combustion of the 

ehitrcpal.?, ,,, , , 

, MRS. B. * 

>, J tr tuft 

Because the air, which lias but 

through the lungs, is yet^but little a]^feO|, 
portion only of its o^yg^ h<?ii)g destroyer jOjjtfjJjt 
a great deal more is gained by increasing 
dity of thp currentj by means ol^ the^ b|ow-^pe, 
thanisiost in consequence of the air^po^ii^ onw 
through tile lungs, os you shall sec — ^ ^ 

j T / * rh »w 

Yes, indeed, it makes die dinrcool btini'nMwh 
brighter. 

MRS. ]>. 

Whilst it isVcd-hot, T sliall dt'op some irorTfiVingii 
on it, and supply them wJtli a current ol*^oxyjB|€n 
gas, by means of lids tOfifiaratus (Plate XV. Fig. 
2.)^ which consists simply of a close<l tin cylii^ical 
ve.ssel, fuii of oxygen gas, witii two j[^)qrtur|^8^Ml 
stop-cocks, by one which a stream “ 

Uiroifrn into tl^e v^sel through ^ lung funne^ 

pipe adapted to it, as the water gains 
Now that 1 pour water into the funnel, you may 
hear the gas issuing frow the blow-pipe — 1 bring 
,thc cb»r^ cl«se,lf?, iwd th« 

fltjqgi up<m it— ^ 

» f > ^ ^ noUe r lau^ 

They emit n«|d» mUlNi'IMlii- 
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The process is, in fact, the same ; there is only 
some difference in the mode of conducting it. Let 
m burn some tin in the same manner — you see Unit 
it is equally combustible. — Let us now try some 
copper — 

CAROLINE. 

This bums with a greenish flame ; it is, I sup- 
pose, owing to the colour of the oxide ? 

EMILY. 

Pray shall we not also burn some gold ? 


MRS. n. 

That is not in our power, at least in tliis way. 
Gold, silver, and platina, are incapable of being 
oxidated by the greatest heat that we can produce 
by the common method. It is from this circum- 
stance that they have been called perfect metals. 
Kven tliese, however, have an affinity for oxygen ; 
but their oxidation or combustion can be per- 
formed only by means of acids or by electricity. 

The spark given out by the V' oltaic battery pro- 
duces at llie |)oint of contact a greater degree of 
heat than any other process ; and it is at this very 
high lemjwrature only tliat the affinity of these 
metals for oxygen will enable them to act on each 
other. 

1 am sorry tiiat 1 cannot sliew you tiie combus- 
tion of the perfect metals by this process, but it 
requires a considerable Voltaic battery. You will 



MStAlS. 


see these experiments performed in the most per- 
fect manner, when you attend the chemical lectures 
of the Royal Institution. But, in the mean time, 1 
can, without difficulty, show you an ingenious ap- 
paratus lately contrived for the puri)ose of pro- 
ducing intense heats, the power of wliich nearly 
equals that of the largest ^'oltaic batteries. It 
simply consists, you see, in a strong box, made of 
iron or copper (Plate Xlll. fig. 2.), to which may 
be adapted this air-syringe or condensing-pump, 
and a stop-cock terminating in a small orifice simi- 
lar to that of a blow -pipe, l^y working the con- 
densing syringe up and down in this manner, a 
quantity of air is accumulated in the vessel, which 
may l>e increased to almost any extent; so that, it 
wc now turn the stop-cock, the condensed air will 
rush out, forming a jet of considerable force: and 
ifw'c place the flame of a lamp in the current, you 
will see how violently the flame is driven in that 
direction. 


CAttOLINE. 

It seems to be exactly the same effect as that of 
a blow-pi|^ worked by the mouth, only much 
stronger. 


EBIILY. 

Yes; and the instrument h.as this additional 
advantage, that it does not fatigue the moutli and 
lungs like the common blow-pipe, and requires no 
art in blow m 
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' ■' ■■ ■ ■ V Mmi m: • f:r,> . . 

" tJnquedtionab^j $ but yet this Uov-pipe iviould 
be^bf very limited utility^ if its encnr^^y and f>0wer 
e6uM not be greatly increased by some other con- 
trivance. Can you imagine any mode of producing 
such an effect ? 

EMILY. 

Could not the reservoir be cliarged with pure 
oxygen, instead of common air, as in the case of 
tile gas-holder ? 

Mils. B. » 

^‘Undoubtedly^ this is precisely the contrivance 
I aliifde to. The vessel need only be supplied 
wifh air from a bladder full of oxygen* instead of 
the irir of the room, and this, you see, may be easily 
done by screwing the bladder on the upper part 
of thfe syringe, so that, in working the syringe, the 
oxygen gas is forced from the bladder into the 
condensing vessel. 

^ CAKOLINE. 

^ With the aid of tliis small apparatus, ibetefm c, 
we could obtain the same effects as those we have 
yost^produced with the gas-holder, by ineat)s ofa 
column of water forcing the gas out of itC*^ . 

MRS. B. ‘ t 

' Y^; &nd much more convenicEitly sow^ ^But 
flfer^f is a mode of tising this apparaCns* by which 
«tIH htof^ powerfal effects may be obtainecL It 
consistsin eondeiisUig itoTeservoir,hot oiiJ«peii 
fllimi; ' blit a mikture «oP oxgrgen and hydrogen in 
In which^ they' <a«ite 

^* 1 '! ...‘■’I - !' 



(luce water ; and then kiiwHing the jet formed by 
<he mixed gases. The *hi»i di«ett^«^99iji^rlf|h'tlhis 
eombastion, without the help of any!ion>pyjsji|tro^ 
Ijftbly the most intense known ; and ^arfouft^e^^CU 
^e said to have been oblamed from it whioh ev 
ceed all expectation. < . . v - ^ 


CAROLINE. 


^ But w'hy should we 


not try this experiment? 


MRS. B. vth M ' 

Because it is not exempt from danger ; the com- 
bhdtiort (notwithstandingvariouB contuivMlccSiwhich 
have been resorte d to with a view*to preveoi aech 
dent) being apt to }>enetrate into the insideiofdha 
vessel, and to produce a dangerous and 
exfdosion. > , 

Mr. Dobereiner, of Jena, has lately disco* 
vered that platina, in the state of" sppngy-^t^- 
Uire, in which it is procured by beatingt theM«dt 
formed by nitro-muriatic acid, platina, and ammo- 
nia, possesses tl>e singular propctty of efiecting/the 
combustion of hydrogen in atmospherical air^ > and 
becomes itself incandescent The expetimont is 
easily made by presenting to a current of bynbrogen 
gas a piece of platina, in theform above mentioned, 
at such a distance that the jet of hydrogen ip^y l>e 
mixed with the common air. In a mixture 
parts, of hydrogen and one of oxygen^; tbp ,p}a||i)a 
produces detonation and ^ 

Ptxtina^ leaf, if cruB^dl<iip end intrpdHfed in(p 
the tnixture; has a similar 

of wire or powder, it is without effect Several 
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Other metals, such as iron, palladium, gold, and 
siiiPer, possess the same property, but in a less 

CAROLINE. 

Do you mean to say that metals exposed to a 
current of hydrogen become incandescent without 
having been previously heated. 

MRS. B. 

This is the case at least with platina, palladium, 
and those metals which are found mixed with crude 
platina; but the others, of which number are gold 
and silver, require to be elevated above the com- 
mon temperature to produce this effect. It has, 
indeed, been ascertained by recent experiments, 
that platina becomes incandescent by exposure to 
a current of hydrogen gas, even when the tem- 
perature of the metal is lowered by a frigorific mix- 
ture eight or ten degrees below the zero of Fah- 
renheit*. The platina used in this experiment 
was prepared by imbibing brown paper with muriate 
of platina ; this was first dried by a gentle heat, 
and then burnt lo ashes in n small crucible ; the 
muriatic acid escaped, and the platina remained 
in a remarkably porous state : with platina thus 
prepared, the experiment of the current of hydro- 
gen succeeds much better than when it is in a po- 
rous state, in which case the incandescence ceases 
either at tlie freezing point or two or three degrees 
below it. 

^ See Experiments of Messrs. De La Rive and Marcet, 
Vol. II. of M6moires de la Society de Physique de Geneve. 
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CAROLINE. 

And how are these singular phenomena account- 
ed for ? 

MRS. B. 

They remain as yet without satisfactory explana- 
tion. We shall, therefore, now proceed in our 
subject. 

CAROLINE. 

I think you said the oxides of metals could be 
restored to their metallic state ? 

MRS. B. 

Yes; this operation is called reviving a metal. 
Metals are in general capable of being revived by 
charcoal, when heated red hot, charcoal having 
a greater attraction Ibr oxygen than the metals. 

You need only, therefore, decompose, or unburn 
the oxide, by depriving it of its oxygen, and the 
metal will be restored to its pure state. 

EMILY. 

But will the carbon, by this process, be burnt,' 
and be converted into carbonic acid ? 

MRS. B. 

Certainly. There are other combustible sub- 
stances to which metals at a high temperature will 
part with their oxygen. They will also yield it to 
each other, according to their several degrees of* 
attraction for it; and if the oxygen goes into a more 
dense state in the metal which it enters, than it 
existed in that which it cjiiits, a proportional dis- 
engagement of caloric will take place* 



CAROLINE. 

- V 

^ go\^^ silver, and pJa- 

tina, Which are formed means pf ^cids or of the 
electric fluid, be restored to their metallic state ? 

MRS. B. 

tWy may; and the intervention of a com- 
bustiDle body is not required ; heat alone will take 
the oxygen from them, convert it into a gas, and 
revive the metal. 

EMILY. 

Yoll said that rust was an oxide of iron ; l)ow is 
it, then, that water, or merely dampness, produces 
you kpow, it very frequently does von 
stpei ^ates, or any iron instruments ? 

’ ^ MRS. B. 

' Iri that case the metal decomposes the water, 
6r* dampness (which is nothing but water in a state 
df^vap^rj^ and obtains the oxygen from it 

^ , CAROLINE. 

^ J tliought that it was necessary to bring metals 
tp a Vflpyt high temperature to enable them to de- 
qtitopo^ water. 

yin*' ■ HRS. B. 

Wiio, if it is required that the process should 
rapidly, nnd if any considerably 
quantity is to be decomposed. Rust, you know, 
is sometimes months in /onmng, and then it is only 
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KMILY. 

Metals, therij winch db riU of 

spontaneous oxidation bitlier by air or wa?er? 

^ . • ^ f . >m> vJ 

MRS. B. 

Yes ; and this is the case with the perfect met^s, 
which, on that account, preserve theW^ metallic 
lustre so well. ^ . 

EMILY. 

Are all metals capable of decomposing water, 
provided their temperature be sufficientjy raised? 

MRS. B. HS\d> 

No ; a certain degree of attraction is 
besides the assistance of heat. Water, ybii recot- 
Icct, is composed of oxygen and hydrogen ; and, 
unless the affinity of the metal fo^ o^ygeft be 
strongeij than that of hydrogen, it i^ igt^ vi^^^ 
we raise its temperature, for it cannot 
oxygen from the hydrogen. Tlie affinity of iron, 
zinc, tin, and antimony for oxygen is stronger than 
tliat of hydrogen, therefore tliese four hre 

capable « of decomposing water. Biit'Jiy^iiogefi, 
having an advantage over all the other 
respect to its affinity for oxygen, it not only with- 
holds its oxygen from them, but is even ^apqji^le, 
under certain circumstances, of takii^g 
from tne oxides of these metals, , . 

s ji ..y- ■' ^ 

■f-,. ik < . KiniiV.'* ^ 

I confess ' th^t I do ddt 
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hydrogen can take oxygen from those metals which 
do not decompose water. 

CAROLINE. 

I think I do perfectly. Lead, for instance, will 
not decompose water, because it has not so strong 
an attraction for oxygen as hydrogen has. Well, 
then, suppose the lead to be in a state of oxide ; hy- 
drogen will take the oxygen from the lead, and 
unite with it to form water, because hydrogen has 
a stronger attraction for oxygen, tlian oxygen has 
for lead ; and it is the same with all the other metals 
which do not decompose water. 

EMILY. 

I understand your explanation, Caroline, very 
well ; and I imagine that it is because lead cannot 
decompose water that it is so much employed for 
pipes for conveying that fluid. 

MRS. B. 

Certainly ; lead is, on that account, particularly 
appropriate to such purposes ; whilst, on the con- 
trary, this metal, if it was oxidable by water, 
would impart to it very noxious qualities, as all 
oxides of lead are more or less pernicious. 

But, with regard to the oxidation of metals, the 
most powerful mode of effecting it, is by means of 
acids. These, you know, contain a much greater 
proportion of oxygen than either air of water ; and 
will, most of them, easily yield it to metals. 

Thus, you recollect, the zinc plates of the Voltaic 
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battery are oxidated by the acid and water, much 
more effectually than by water alone. 

CAROLINE. 

And I have often observed that if I drop vine- 
gar, lemon, or any acid on the blade of a knife, or 
on a pair of scissars, it will immediately produce a 
spot of rust. 

EMILY. 

Metals have, then, three ways of obtaining oxy- 
gen ; from the atmosphere, from water, and from 
acids, 

MRS. B. 

The two first you have already witnessed, and 
1 shall now show you how metals take the oxygen 
from an acid. Tliis bottle contains nitric acid; 
I shall pour some of it over this piece of copper- 
leaf 

CAROLINE. 

Oh, what a disagreeable smell ! 

EMILY. 

And what is it that produces the effervescence 
and that thick yellow vapour ? 

MRS. B. 

It is the acid, which, being abandoned by the 
greatest part of its oxygen, is converted into a 
weaker acid, which escapes in the form of gas. 

CAROLINE. 

And whence proceeds this heat ? 
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MRS. B. 

Indeed, Caroline, I think you ^ight no^ be able 
to imsWer that question yourself*. 

CAROLINE. 

Perhaps it is that the oxygen enters into the 
metal in a more solid state than it existed in tlie 
acid, iq consequence of which caloric is disen- 
gaged. 

MRS. B. 

If the combination of the oxygen and the metal 
results 'from the union of their opposite electricities, 
of course caloric must be given out. 

EMILY. 

llie effervescence is over ; therefore I suppose 
that the metal is now oxidated. 

MRS. B. 

Yes.. But there is another important connexion 
between metals and acids, w'ith which I must now 
make you acquainted. Metals, when in the state 
of oxidos, are capable of being dissolved by acids. 
In tbi^i operation they enter into a chemical com- 
bination with the acid, and form an entirely new 
coinpoHud. 

, M CAROLINE. 

But what difference is there between the oxida-> 
tian ami the dissoltiiion of the *nietal by an acid? 

MRB. B. 

1 ' ■>- 

la thofirsticase, the metal dierely combines with 
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a )X)rtion of oxygen takea^&om the acid, which is 
partly deoxygenatedi as in the instance you 
ha^e just seen ; in the second case, the metal, after 
being previously oxidated, is actually dissolved in 
the acid, and enters into a chemical combination 
with it, without producing any further decompo- 
sition or effervescence. — This complete combina- 
tion of an oxide and an acid forms a peculiar and 
important class of compound salts. 

EMILY. 

The difference between an oxide and a com- 
pound salt, therefore, is very obvious; the one 
consists of a metal and oxygen ; tlie other of an 
oxide and an acid. 


Mns. B. 

Very well : and you will be careful to remem- 
ber that the metals are incapable of entering into 
this combination with acids, tmlesFS they are pre- 
viously oxidated ; therefore, whenever you brfrtg 
a metals in contact with an acid, it will be first 
oxidated ^d afterwards dissolved, provided that 
there be a sufficient t]uantity of acid for both ope- 
rations. 

There are some metals, however, wlrose 
tion is more easily accomplished, by diluting the 
ac^ in water ; and the metal will, in this case, be 
oxidaf^^ ifpt by the ^cid, but by the water, whicbr 
it will decompose. But in proportion as the oxy- 
gen of the water oxidates tbC surface of the metal, 
th4. acid combines with washes k oflT, ahd Ibavts 
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a fresh surface for the oxygen to act upon : fresh 
coats of oxide are then successively formed, and 
rapidly dissolved by the acid, which continues com- 
bining with the new-formed surfaces of oxide till 
the whole of the metal is dissolved. During tliis 
process the hydrogen gas of the water is disen- 
gaged, and flies off with effervescence. 

EMILY. 

Was not this the manner in which tlie sul- 
phuric acid assisted the iron filings in decomposing 
water ? 

MRS. B. 

Exactly; and it is thus that several metals, which 
are incapable alone of decomposing water, are 
enabled to do it by the assistance of an acid, which, 
by continually washing off the covering of oxide 
as it is formed, prepares a fresh surface of metal to 
act upon the water. 

CAROLINE. 

Die acid here seems to act a part not very dif- 
ferent from that of a scrubbing-brush. — But pray 
would not this be a good method of cleaning me- 
tallic utensils? 

MRS. B. 

Yes; on some occasions a weak acid, as vinegar, 
is used for cleaning copper. Iron plates, too, are 
freed from the rust on tlieir surface by diluted mu- 
riatic acid, previous to tlieir being covered with 
tin. You must remember, however, that in this 
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mode of cleaning metals the acid should be quickly 
afterwards w’iped off, otherwise it would produce 
fresh oxide. 

CAROLINE. 

Let us watch the dissolution of the copper in 
the nitric acid ; for I am very imj^atierit to see the 
salt which is to result from it. The mixture is 
now of a beautiful blue colour; but there is no 
appearance of the formation of a salt ; it appears to 
be a tedious operation. 

MRS. B. 

The crystallization of the salt requires some 
length of time to be completed ; if, however, you 
are so impatient, I can easily show you a metallic 
salt already formed. 


CAROLINE. 

But that would not satisfy my curiosity half so 
w ell as one of our own manufacturing. 

MRS. B. 

It is one of our own preparing that I mean to 
show you. When we decomposed water a few 
days since, by the oxidation of iron fdings through 
the assistance of sulphuric acid, in w'hat did the 
process consist ? 

CAROLINE. 

In proportion as the water yielded its oxygen to 
the iron, tlie acid combined with the new-formed 
oxide, and the hydrogen escaped alone. 

2 2 
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Ver^wejl; tl^e i;esult, tbeuefor^ wap a.cjompound 
salt, formed by the combination of sulphuric acid 
with oxide of iron. It still remains in the vessel 
in which the experiment was performed. Fetch it, 
and we shall ekamme it: 


EMILY. 

, What a variety of propesses the decomposition 
9 ^ watpr, by fi qietal and^ an acid, implies : 1st, the 
decomposition of the water ; 2dly, the oxidation of 
the metfil ; and Sdly, the formation of a pompoupd 
salt. , , , 

^ CAUpUNL. I . 

Here it ip, B., — Wi\atjl|>eautifMl 

tals ! But W^ fdo ^ot pprceive.any crystals ii| 

solutio^, pf CQ{|per in^ nj^ous apid f / 

* Bet»uye^^tliA salt is now suspended Hi the wiitfer 
w^hfch thfcf nUrous ^cid contains, and will remsim 
tsMdeposited, in consequence Of rest and 
cooling. ' ‘ 

luMlLY. 

siMiprised U^at a body Efo c^)aqu^ asiirpp pan 
be oopveijl^ mxq m4x .trap^pareiH cry;5tals. 

MRS. B. ' ^ : 

It is the union with tbe^id that produces the 
transpivfency ^ ^for if the puce metal ^ere moUed, 
and aj^rwanls p^itted co<^ i^ad it 
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EltflLY. 

I do not understand the exact meaning of 
tallization. 


/ 

03/6- 


MRS. B. 

You recollect that when a solid body is dis** 
solved, either by water or caloric, it is not decom- 
posed; but that its integrant parts are only ps- 
pended in the solvent. When the solution is made 
in water, the integrant particles of the body will, 
on the water being evaporated, again unite into a 
solid mass, by the force of their mutual attraction. 
But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its 
particles rc-unite, than to reduce its temperalire. 
And, in general, if the solvent, whether Water or 
caloric, be slowly separated by evaporatioh or by 
cooling, and care taken that the particles be not 
agitated, dargig their re-^Dion, they wUl^ arrapge 
themselves in regular masses, each individual subr 
stance ^as^umiiig a peculiar form or ^rrangemer^t ; 
and this is what is called crystallization. ^ 

emilV. 

Crystalliiia^li, therefore, is dimply tihe^rte^tiriion 
of the partides oftl solid body whidh been dis- 
solved in a fluid. 

'I B. * 

Ibat is a Vefy good'deflhidon of it. 'But 1 ihust 
not forget to bbserVfe' anS may linifc 

their solvent pdwersr^ and, in this'Casfe, cr^^staUJza- 
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tion may be hastened by cooling, as well as by 
evaporating the liquid. 

CAROLINE. 

But if the body dissolved be of a volatile nature, 
will it not evaporate with a fluid ? 

MRS. B. 

A crystallized body held in solution only by 
water is scarcely ever so volatile as the fluid itself ; 
and care must be taken to manage the heat so that 
it may be sufficient to evaporate the water only. 

I should not omit also to mention that bodies, 
in crystallizing from their watery solution, always 
retain a small portion of water, which remains con- 
fined in the crystal in a solid form, and does not 
re-appear unless the body loses its crystalline state. 
This is called the *water of crystallization. But you 
must observe, that whilst a body may be separated 
from its solution in water or caloric simply by 
cooling or by evaporation, an acid can be taken 
from a metal with which it is combined only by 
stronger affinities, which produce a decomposition. 

EMILY. 

Are the perfect metals susceptible of being dis- 
solved and converted into compound salts by 
acids ? 

MRS. B. 

Gold is acted upon by only one acid, the aiy- 
genated muriatic^ a very remarkable add, which, 
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xvhen in its most concentrated state, dissolves gold 
or any other metal, by burning them rapidly, 

Grold can, it is true, be dissolved likewise by a 
mixture of two acids, commonly -called aqua regia 5 
but this mixed solvent derives that property from 
containing the peculiar acid which I have just men- 
tioned. Platina is also acted upon by this acid 
only ; silver is dissolved by nitric acid. 

CAROLINE. 

I think you said that some of the metals might 
be so strongly oxidated as to become acid ? 

MRS. B. 

There are five metals, arsenic, molybdena, 
chrome, tungsten, and columbium, which are susi^ 
ceptible of combining with a sufficient quality of 
oxygen to be converted into acids. 

CAROLINE. 

Acids are connected with metals in such a va- 
riety of ways, that 1 am afraid of some confusion in 
remembering them. — In the first place, acids will 
yield their oxygen to metals. Secondly, they will 
combine with them in their state of oxide, to form 
compound salts : and lastly, several of the metals 
are themselves susceptible of acidification. 

MRS. B. 

Very well ; but though metals have so great an 
affinity for acids, it is not with that class of bodies 
alone that they will combine. They are most of 
them, in their simple state, capable of uniting with 





sulphur) ^ith pho8pki^r<IS§''^ith carbon, and witli 
ea^ ddier $ nbase oiksbkiatioiiS) ^aooonlkig ^ the 
n<Hiienclature which was explained on a 

ftmnelr ^x^ioa,^ ane m^urets^ ipio^kaKets, 

i^trburetSj &c. , H ^ f . 

The metalHc ^phbspdiorets ofier ^nodiing ^ry 
remarkabih. vlhe ^ulphurets fonb* the peouimr 
kind of lUin^kl called pyritesi from which certain 
kinds of iRiineiial waters, as those of Harrowgate, 
derive their chief chemical properties^ In this 
combination, the sulphur, together with the iron, 
has so strong an attraction for oxygen, that it ob- 
tains it both from the air and from water, and by 
condensing it in a solid form, produces the hbat 
which raises the temperature of the water in such 
a remarkable degree. 


EMILY. 

But if pyrites obtain oxygen from water, that 
water must suffer a decomposition, and hydrogen 
gas be evolved. 


MRS. B. 

That is actually the case in the hot springs al- 
luded to, which give out an extremely fetid gas, 
composed of hydrogen, impregnated with sulphur. 

CAROLINE. 

If I recollect right, steel and plumbago, whidi 
you meutioned in the last lesson, are both carburets 
of iron. 







. -< Yes ^«ikd they am the boly ouBoistsitf akneh 
caiise<|iiono6» i > imi yn^fmw 

Jl curiop^ e(nnbUiatioQ of aetals has latelyi mvy 
much attracted the attention of the sclexitijb^iwdvlid: 
1 meiiii the metMric atoneB which fall from thi' at- 
mosphere. They consist principblly of hativerior 
pure irotik, which i$ never found in that state in ^be 
bowels of the earth; and contain alsoa^small q[uat>- 
ti(y of nickel an^ chrome, a combination^ tlikewvie 
new in the minecal kingdom. ^ <>• 

These (circumstances have led many actenfekie 
persons to believe that those substances hia\ke &tten 
from the moon^cor some Other plas^et, while others 
are of opmion,«either thul tbejriare formed itt «the 
atmosphere, or are projected into It by aOiMi enr 
known volcano on the surface of our globe. 
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1 have heard mnch,of iJbese stones, but 
many people are of opinion that thf^ are foisr^ 
on the surface of the earth, and laugh at their pre- 
tended celestial origin. 


> ► t X 

MRS. B. 

I 

The fact of ^tbeir felling is so well asc^rtafeefj, 
that I think no person, who has at all investigated 
the subject, can now entertain any doubt of it. 
Specimens of,^ese stones ha>fe 
in all part^,of the world, and t^ 
tradition or story of its fall has been found fiopfr 

Q$ 
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nected. And as the analysis of all those specimens 
affords precisely the same results, there is strong 
reason to conjecture tha^ they all proceed from the 
same source. It is to Mr. Howard, that philoso- 
phers are indebted for having first analysed these 
stones, and directed their attention to this interest- 
ing subject. 

CAROLINE. 

But pray, Mrs. B., how can solid masses of iron 
and nickel be formed from the atmosphere, which 
consists of the two airs, nitrogen and oxygen ? 

MRS. B. 

I really do not see how they could, and think it 
much more probable that they fall from the moon, 
or some other celestial body. — But we must not 
suffer this digression to take up too much of our 
time. 

The combinations of metals with each other are 
called alloys ; thus brass is an alloy of copper and 
zinc ; bronze, of copper and tin, &c. 

EMILY. 

And is not pewter also a combination of metal 't 

MRS. B. 

It is. The pewter made in this country is mostly 
composed of tin, with a very small proportion of 
zinc and lead. 

CAROUKE. 

Block-tin is a kind of pewter, I beUeve ? 
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MRS. B. 

Properly speaking, block-tin means tin in blocks, 
or square massive ingots ; but in the sense in which 
it is used by ignorant workmen, it is iron plated 
with tin, which renders it more durable, as tin will 
not 50 easily rust. Tin alone, however, would be 
too soft a metal to be worked for common use, and 
all tin vessels and utensils, arc in fact made of plates 
of iron, thinly coated with tin, which prevents the 
iron from rusting. 

CAROLINE. 

Say rather oxidating^ Mrs. B. — Rust is a word 
which should be exploded in chemistry. 

MRS. B. 

Take care, however, not to introduce the word 
oxidate, instead of rust, in general conversation ; 
for you would probably not be understood, and you 
might be suspected of affectation. 

Metals differ very much in their affinity for each 
other ; some will not unite at all, others readily 
combine together, and on this property of metals 
the art of soldering depends. 

EMILY. 

What is soldering ? 

MRS. B. 

It is joining two pieces of metal together, by a 
more fusible metal interposed between ffiem. Thus 
tin is a solder for lead ; brass, gold, or silver, are 
solder for iron, &c. 







CAIQWW®. 

And is sovpediu^ pf it^e sipne 

nature? 1 * . , , . 

MRS. B. 

In the operation of pktmg, two metals are unked, 
one beimg covered with the other, but without the 
intervention of a third : iron or copper may thus 
be covered with gold or silver. 

' EMILY. . 

Mercury appears to me of a very different nature 
from the other metals. 

MRS. B. 

One of its greatest peculiarities is, that it retains 
a fluid state at the temperature of the atmosfihere. 
All metals are fusible at different degrees of heat, 
and they have likewise each the property of freeadng 
or becoming solid at a certain fixed temperature. 
Mercury congeals only at seventy-two degrees be- 
low the freeiiing point 

' EMILY. 

That is td say, that in order to freeze, it requires 
a tonperatut^e of seventy-two degrees colder than 
that at which water freezes. 

MRS. B. 

' Exactly so. 

CAROLINE. 

But is the temperature of the atmosphere ever 
so low as that ? 
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Yts; often in Siberia ; but happfrty never in this 
part of the globe. Here, however, mercury may 
be congealed by artificial cold; I mean such in- 
tense cold as can be produced by some oheinkal 
mixtures, or by the rapid evaporation \pf ether 
under the akxpump*. ^ 

CAKOLINE. 

And can mercury be made to boil and evaj^o- 
rate?. 

MRS. B. 

Yes, like any other liquid ; only it requires a 
much greater degree of heat. At the tonpenftare 
of six hundred degrees, it begins to boil and 
poFote like water. ^ 

Mercury combines with gold, silver, tin^ and 
widi several other metals : and, if mixed with any 
of them in a sufficient proportion, it penetrates the 
solid metal, softens it, loses its own fluidity, and 
forms an amalgamj which is the name given to the 
combination of any metal with mercury, forming a 
substance more or less solid, according as the mer- 
cury or the other metal predominates. 

’ )1 4 . - 

EMILY. 

In the list of metals there are some whose names 
1 have never before heard mentioned. 

* By a process analogous to that described, page Md, of 
this volume. 



350 


MSTALt. 


MRS. B. 

Besides those which Sir H. Davy has obtained, 
there are several that have been recentl)^ disco- 
vered, whose propejties are yet but little known, 
as for instance, titanium, which was discovered 
by the Rev. Mr. Gregor, in the tin-mines of Corn- 
wall; columbium or tnntalium, which has lately 
been discovered by Mr. Hatchett ; and osmium, 
iridium, palladium, and rhodium, all of which 
Dr, Wollaston and Mr. Tennant found mixed in 
minute quantities with crude platina, and the dis- 
tinct existence of which they proved by curious 
and delicate experiments. More recently still Pro- 
fessor Berzelius has discovered in a pyritic ore, at 
Fahlun, in Sweden, a metallic substance, which 
he has called selenium^ and which has the singular 
peculiarity of assuming the form of a yellow gas 
w^hen heated in close vessels. In some of its pro- 
perties this substance seems to hold a medium be- 
tween the combustibles and the metals. It bears 
in particular a strong analogy to sulphur. 

CAROLINE. 

Arsenic has been mentioned amongst the metals. 
1 had no notion that it belonged to that class of 
bodies, for I had never seen it but as a powder, 
and never thought of it but as a most deadly 
poison. 

MRS. B. 

In its pure metallic state, I believe, it is less 
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poisonous ; but it has so great an affinity for oxy- 
gen, that it absorbs it from the atmosphere at its 
natural temperature : you have seen it, therefore, 
only in its state of oxide, when, from its combi- 
nation with oxygen, it has acquired its very poison- 
ous properties. 

CAROLINE. 

Is it possible that oxygen can impart poisonous 
qualities ? That valuable substance which produces 
light and fire, and which all bodies in nature are 
so eager to obtain ? 

MRS. B. 

Most of the metallic oxides are poisonous, and 
derive this property from their union with oxygen. 
The white lead, so much used in paint, owes its 
pernicious effects to oxygen. In general, oxygen, 
in a concrete state, ajipears to be particularly de- 
structive in its effects on fltbli or any animal matter : 
and tliose oxides are most caustic that have an 
acrid burning taste, which proceeds from the metal 
having but a slight affinity for oxygen, and there- 
fore easily yielding it to the flesh, which it corrodes 
and destroys. 

EMILY. 

What is the meaning of the word causticy which 
you have just used ? 

MRS. B. 

It expresses that property which some bodies 
possess, of disorganising and destroying atiimal 
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matter, by operating of combustion, or at 

lea^t a cl^emical decptnjppsjtipnv Yo^ must h^ve 
heard ofoaastic used to burn ,war|t^, , or other ani- 
mal excrescences ; most of thes^ bodies owe their 
destructive power to the oxygen with which tiiey 
are combined. The common caustic, called lunaj' 
camticy \i a compound formed by the unioA of 
nitric acid and silver ; and it is supposed to owe 
its caustic qualities to the oxygen contained in the 
nitric acid. 


CAROiaNE. 

But, pray, are not acids still mote caustic lihan 
oxides, as they contain a greater proportion of 

. i 

■' laRS^ B*. . ; 

Some of the acids are ; but the caustic property 
of a , bod^i depends not otdj upon the quan^ of 
oxygen whiuh contains, but alsp 4ts^ ^ii^bt 
affinity for that principle, and thefconaaqueiu ^ci- 
lity with whkh it yields it. . 

■■ EMILY. 

Is not this destructive property qf oxygen ac- 
countedfor? 

' *MR$. B. 

^^oi^^ pjrofjably frop th^q^trqpg attraction 
of oxygen for hydco|gei[,; S9fM%9m 
sorb the other irom the animal fibre, a disorgani- 
zation of the substance^fii^ ensue. 
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Caustics sre^ tor hiUm 

the flesh, since the cothbinadoiVcSf bxjygfeii ahdli^- 
droiren is an aciual cbmbustioti. ' ' ^ 

cA^ol4l^^^. ^ .; j 

Now, I think, tliis e£Eec| uWOiihl Jl^e more pro- 
perly termined an oxidation, as tberetis iM),di4en* 
gagement ot' light aad heaU :< ,i i . 

MRS. B. 

But there really is a sensation of heat produced 
by the action of caustics, 

£MILY. 

If oxygen is so caustic, why does not that which 
is contained in the atmosphere burn us ? 

MRS. B. 

Because it is in a gaseous dtate and has a 
greater attraction for its electricity than for the 
hydrogen of our bodies. Besides, should the air 
be slightly caustic, we are in a great measure 
sheltered from its eflects by the skin ; you know 
how much a wound, however trifling, smarts on 
being exposed to it. 

CAROLINE. 

It is a curious idea, however, that we should 
live in a slow fire. But if the air were caustic, 
would it not have an acrid taste ? 

MRS. B. 

It possibly may have such a taste ; though in so 
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slight a degree, that custom has rendered it insen- 
sible. 


CAROLINE. 

And why is not water caustic ? When I dip my 
hand into water, though cold, it ought to burn me 
from the caustic nature of its oxygen, 

MRS. B. 

Your hand does not decompose the water: the 
oxygen in that state is much better supplied with 
hydrogen than it would be by animal matter : and 
if its causticity depend on its affinity for that prin- 
ciple, it will be very far from quitting its state of 
water to act upon your hand. You must not for- 
get that oxides are caustic in proportion as the 
oxygen adheres slightly to them. 

EMILY. 

Since the oxide of arsenic is poisonous, its acid, 
I suppose, is fully as much so ? 

MRS. B. 

Yes ; it is one of the strongest poisons in nature. 

EMILY. 

There is a poison called verdigj'is^ which forms 
on brass and copper when not kept very clean ; 
and this, I have heard, is an objection to these 
metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ? 

MRS. B. 

It is produced by the intervention of oxygen ; 
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for verdigris is n compound salt formed by the 
union of vinegar and copper ; it is of a beautiful 
green colour, and much used in painting. 

EMILY. 

But, I believe, verdigris is often formed on cop-^ 
per when no vinegar has been in contact with it. 

MRS. B. 

Not real verdigris, but other salts, somewhat 
resembling it, may be produced by the action of 
other acids on copper. 

The solution of copper in nitric acid, if evapo- 
rated, affords a salt which produces an effect on 
tin that will surprise you; and I have prepared 
some from the solution we matle before, that I 
might show it to you. I shall first sprinkle some 
water on this piece of tin-foil, and then some of 
the salt. — Now observe that I fold it up suddenly, 
and press it into one lump. 

CAROLINE. 

What a prodigious vapour issues from it — and 
sparks of fire, I declare ! 

MRS. B. 

I thought it would surprise you. The effect, 
however, I dare say you could account for, since 
it is merely the consequence of the oxygen of the 
salt rapidly entering into a closer combination with 
the tin. 

There is also a beautiful green salt too curious 
to be omitted ; it is produced by the combination 
of cobalt with muriatic acid, which has the singular 
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prop^ oC^ormiDg what is palled ^pathetic ink^ 
C|fca]:B^ra,w|iUten with this solution are invisible 
when cold, but when a gentle heat is applied, they 
assume a fine blueish green colour. 


CAROLINE. 


I think one might draw very curious landscapes 
With the assistance of this ink ; I would first make 
a Water-Colour drawing of a winter scene, in which 
trees ihould be leafless, and the grass scarcely 
^^n; I would then trace all the verdure with 
flip invisible ink, and whenever I chose to create 
s^^ing, I should hold it before the fire, and its 

Wkrmth Wuld cover the landscape with a xich 

■ i ^ r 

MRS. B. 

would be a very amusing experiment, and 
I ^yl^e you by all meai^ to try it. 

, J hayp. promised to condude our revision of the 
b^^ies by introducing to your acquaintance 
thq^ppriou^ ipetals which Sir H.Davy has recently 
djsqpv^|!^. The histoiy of these extraordinary 
b^ij^ 1?. much ip its in&ncy, that 1 shall 

^n?yself to a very ^^hqrt account of then) : it 
($^^^pr^ J^{i^ytant to point put to you the vast and 
n^^ep^jpcpdiaustib^e field of research which has 
b^q^ttfro^n open to pur view by Sir H. Davy’s 
inempi;i^p|l^(dWcpveries, thw to enter into a x^inute 
ac^pnt p^ieular bpdies or experiments. ^ 
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But I hkve heard that these discoveries, however 







splendid and extraordinary, are mot Very Kkely to 
prove of great , benefit to die worM, as they ar^ 
rather objects of curiosity than of use. i 

MRS. B. 

Such may be the illiberal conclusions of die, ig- 
norant and narrow-minded ; but those who can 4nly 
estimate the advantages of enlarging the sphere of 
science, must be convinced that the acquisition of 
every new fact, however unconnected it may at first 
appear with practical utility, must ultimately prove 
beneficial to mankind. But these remarks are 
scarcely applicable to the present subjject j fqr so^^ 
of the new metals have already proved eminently 
useful as chemical agents, and are likely soon to be 
employed in the arts. For the enumeratioq, of 
these metals, I must refer you to the'Sd at)d 4t^ 
division, of the 3d class, of dilrlirf of 
they are derived from the alkalids, the eirlli’s, and 
three of the acid^ all of Which had ble^h hitli^r^ 
considered as undecompoundable or ^lihpte bbdiesl 

When Sir H. Davy first turned his attention to 
the efjPects of the Voltaic battery, he "trfefd its power 
on a variety of compbhnd bodies, aiid gradually 
liraight to light a nuftiber dSf neW aridlhtcriestinjj 
facts, Whidh led the W*1y to more ikipdrtiint dl^^O- 
verids. It would be highly iriterbfeiffi^ to trace* his 
stejwfh this heViHepHktaiehrdf iiUfeh'6^^bWtft:^Wo*Sld 
lead us ted 

neral view of his most rentorkable discoveries is all 
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that I can aim at, or that you could, at present, 
understand. 

The facility with which compound bodies yielded 
to the Voltaic electricity, induced liim to nudce trial 
of its effects on substances hitherto considered as 
simple, but which lie suspected of being compound, 
and his researches were soon crowned with the most 
complete success. 

The body which he first submitted to the Voltaic 
battery, and which had never yet been decomposed, 
was one of the fixed alkalies, called potash. This 
substance gave out an elastic fluid at the positive 
wire, which was ascertained to be oxygen, and at 
tlie negative w'ire, small globules of a very high 
metallic lustre, very similar in appearance to mer- 
cury ; thus proving that potash, which had hitherto 
been considered as a simple incombustible body, 
was in fact a metallic oxide ; and that its incom- 
bustibility proceeded from its being already com- 
bined with oxygen. 

EMILY. 

I suppose the w ires used in this experiment were 
of platina, as they wxre when you decomposed 
w ater ; for if of iron, the oxygen would have com- 
bined with the wire, instead of appearing in the 
form of gas. 

MRS. B. 

Certainly : the metal, however, would equally 
have been disengaged. Sir H. Davy has distin- 
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guished this new substance by the name of potas- 
sium, which is derived from that of the alkali, from 
which it is procured. I have some small pieces of 
it in this phial, but you have already seen it, as it is 
the metal which we burnt in contact with sulphur. 

EMILY. 

What is the liquid in which you keep it ? 

MRS. B. 

It is naphtha, a bituminous liquid, with which I 
shall hefeafter make you acquainted. It is almost 
the only fluid in which potassium can be preserved, 
as it contains no oxygen ; and this metal has so 
powerful an attraction for oxygen, that it will not 
only absorb it from the air, but likewise from water, 
or any body whatever in which it is contained. 

EMILY. 

This, then, s one of the bodies which oxidates 
spontaneously without the application of heat ? 

MRS. B. 

Yes ; and it has this remarkable peculiarity, that 
it attracts oxygen much more rapidly from water 
than from air ; so that when thrown into water, 
however cold, it actually bursts into flame. I shall 
now throw a small piece, about the size of a pin's 
head, on this drop of water. 

CAROLINE. 

It instantaneously exploded, producing a little 
flash of light ! This is, indeed, a most curious sub- 
stance ! 
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MBS. B. 

By its combustion it is re-converted into potash ; 
and as potash is now decidedly a compound body, 
I shall not enter into any of its properties till we 
have completed our review of the simple bodies; 
but we may here make a few observations on its 
basis, potassium. If this substance be left in con- 
tact with air, it rapidly returns to the state of pot- 
ash, with a disengagement of heat, but without any 
flash of light. 

EMILY. 

But is it not very singular that it should burn 
better in water than in air ? 

CAROLINE. 

I do not think so : for if the attraction of potas- 
sium for oxygen is so strong, that it finds no more 
difficulty in separating it from the hydrogen in 
water, than in absorbing it from the air, it will no 
doubt be more amply and rapidly supplied by water 
than by air. 

MRS. B. 

That cannot, however, be precisely the reason ; 
for when potassium is introduced under water, 
without contact of air, tlie combustion is not so 
rapid, and, indeed, in that case, there is no lumi- 
nous appearance ; but a violent action takes place, 
much heat is excited, the potash is regenerated, 
and hydrogen gas is evolved. 

Potassium is so eminently combustible, that in- 
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Stead of requiring, like other metals, an elevation 
of temperature, it will burn rapidly in contact with 
water, even below the freezing point. This you 
may witness by throwing a piece on this lump of 
ice. 

CAROLINE. 

It a^ain exploded witli flame, and has made a 
deep hole in the ice. 

MRB. B. 

This hole contains a solution of potash ; for the 
alkali l>eing extremely soluble, disappears in the 
water at the instant it is produced. Its |)resencc, 
however, may be easily ascertained, alkalies having 
the property of changing paper, stained with tur- 
meric, to a red colour; if you dip one end of this 
slip of paper into the hole in the ice yon will see it 
change colour, and the same, if you wet it with the 
drop of water in which the first piece ol potassium 
was burnt. 

CAROLINE. 

It has indeed changed the paper from yellow to 
red. 

MRS. B. 

This metal will burn likewise in carbonic acid 
gas, a gas which had always been supposed incapable 
of supporting combustion, as we were unacquainted 
with any substance which had a greater attraction for 
oxygen than carbon. Potassium, however, readily 
decomposes this gas, by absorbing its oxygen, as I 
shall show you. This retort is filled with carbonic 

VOL. I. R 
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acid gas. I will put a stiiall piece of potassium in 
it ; but for this combuistion a slight el^vatioii of 
temperature is required, for which piirpo$e 1 slmH 
hold the retort over the lampw 

CA.ROLINE. 

Now it has taken fire, and burns with violence ; 
it has burst the retort. 

MRS. B. 

Here is the piece of regenerated potash ; can 
you tell me why it has become so black ? 

EMILY. 

No doubt it is blackened by the carbon^ which, 
when its oxygen entered into combination with Uie 
potassium, was deposited on its surface. 

MRS. B. 

You are right. This metal is perfectly fluid at 
the temperature of one hundred degrees; at fifty 
degrees it is solid, but soft and malleable; at thirty- 
two degrees it is hard and brittle, and its fracture 
exhibits an appearance of confused crystallization. 
It is scarcely more than half as lieavy ^ water ; its 
specific gravity being about six when water is 
reckoned at ten; so that this metal actu^y 
lighter than any known fluid, even tihan etlier. 

Potassium combines with sulphur and phospho- 
niav forming soipttorecs and photphorete | it iike- 
w$$e forms alloys with several metals, 
gan^atei erit& mercury. 
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But cav) A aiiffident quantity of p^ssium be 
obtained, by tnAAfiil of the Voltaic battfrry, to admit 
of all its properties and relations to other bodies 
being satisfactorily ascertained ? 

Y MRS. n. 

Not easily; but I must not neglect to inform 
you that a method of obtaining this metal in con- 
siderable quantities has since been discovered. 
Two eminent French chemists, Thenard and Gay 
Lussac, stimulated by the triumph which Sir H. 
Davy had obtained, attempted to separate potassium 
f^ora its combination with oxygen, by common 
chemical means^ and without the aid of electricity. 
They caused red-hot potash in a slate of fusion to 
filter through iron turnings in an iron tube, heated 
to whiteness. Their experiment was crowned with 
the most, complete success ; more potassium was 
pbtained by single operation, than could have 
been collecl^Jp.many weeks by the most diligent 
.use of the .Vjpl^ic, battery^ 

EMILY. 

In this exQ^meht, I suppose, the oxygen quitted 
combinaU^ with the potassium to unite with 
the iron turnibgs 

*: •"ijfh",!. MRS. B._, .\'i 

; Exactly sa^qnd the potassium uras tbiis ;obtaiKied 
ia its simpl^tbUita# ^From that time it has become 
a most convenient and poweriul iustrmnent of 

R 2 
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oxy^i;enation in chemical experiments. This im- 
portant improvement, engrahecl on Sir H. Davy’s 
previous discoveries, served but to add to his^lory, 
since the facts which he had established, w hen pos- 
sessed of oiily a few atoms of tins curious sub- 
stance, and the accuracy of his analytical state- 
ments were all confirmed when an opportunity oc- 
curred of repeating his experiments upon this sub- 
stance, which can now be obtained in unlimited 
quantities. 

CAROLINE. 

What a satisfaction Sir II. Davy must have felt, 
when by an effort of ^•enius he succeeded in bring- 
ing to light and actually giving existence to these 
curious bodies, which without him might perhaps 
have ever remained concealed from our view ! 

MRS. B. 

Tlie next substance which Sir H. Davy sul)- 
mitted to the influence of the Voltaic battery was 
Soda, the other fixed alkali, which yielded to the 
same powers of deconi{K)sition; from this alkali 
a metallic substance was also obtained, very analo- 
gous in its properties to that which liad been dis- 
covered in potash ; Sir H. Davy lias called it so- 
dium. It is rather heavier than potassium, though 
considerably lighter than water; it is not so easily 
fusible as potassium. 

Encouraged by these extraordinary results, Sir 
H. Davy next |)erfbrmed a series of beautiful ex- 
perimeiiuon Axnnionia^ or the volatile alkali, which, 
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From analogy, he was led to suspect miirht also 
contain oxygen. This he soon ascertained to be 
the fact, but he has not yet succeeded in obtaining 
the basis of ammonia in a separate state ; it is from 
analogy, and I'rom the power which the volatile 
alkali has, in its gaseous form, to oxidate iron, ami 
also from the amalgams which can be obtained 
from ammonia by various processes, that the 
proofs of tliat alkali being also a metallic oxide are 
deduced. 

Thus, then, the three alkalies, two of which had 
always been considered as simple bodies, have now 
lost all claim to that title, and 1 have accordingly 
classed the alkalies amongst the compounds whose 
properties we shall treat of in a future conversation. 

The other newly discoverai metals are obtained 
from the earths which became next the object of 
Sir H. Davy’s researches; these bodies had never 
yet been decomposed, though they were strongly 
suspected not only of being compounds, but of 
being metallic oxides. From tiie circumstance of 
tbeir incombustibility, it was conjectured, with 
some plausibility, that they might possibly be bodies 
which had been already burnt. 

CAROLINE. 

And metals, when oxidated, become, to all ap- 
pearance, a kind of earthy substance. 

MRS. B. 

They have, besides, several features of resem- 
blance with metallic oxides ; Sir H. Davy had, 
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AerdTof^, great reasbn to be sangmne in las cx- 
bf decomposing them, and he was not 
disappointed. He could not, however, succeed in 
obtaining the basis of the earths in a pure separate 
State : but metallic alloys were formed with other 
ftietals, which sufficiently proved the existence of 
Ae metallic basis of the earths. 

The last class of new metallic bodies which Sir 
H. Davy discovered was obtained from the three 
\ihdd:ompounded acids, the boracic, the fluoric, 
atid Ae muridtic acids ; but as you are entirely un- 
ac^^itited with these bodies, I shall reserve the 
accouht of their decomposition till we come to treat 
of their propfetties as acids. 

Thus in the course of two years, by the unpa- 
raHeled exertions of a single individual, chemical 
science has ^^med a new aspect. Bodies have 
been brought to light whidi the human eye never 
before beheld, and which might have remained 
eternally contetded under their impenetrable dis^ 
guise. 

It IS ittipoSslWe at the present period to appre- 
ciate to their fuU extent the consequences which 
science or the arts may dei’ive from these disco- 
veries ; we may, however, anticipate the most im- 
portant 

In chemical analysis we are now in possession of 
more energetic agents of decomposition than were 
ever before known. 

In geology new views are opened, which will 
probably operate a revokrtton tn 
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clIiHcnU science. It is already proved tUat all the 
in fact, the solid surliice of this globe, 
are metallic bodies mincralued by oxygen, and 
our planet has been calculated to be considerably 
more dense upon the whole, than it is on the sur- 
face, it is reasonable to suppose that the interior 
of the earth is composed of a metallic mass, 
surface of which only has been mineralized by the 
atmosphere. 

The eruptions of volcanos, those stupendous 
problems of nature, adnjit now of an easy explaua- 
tion. For if the bowels of the earth arc the grand 
recess of these newly discovered inflammable bo- 
dies, whenever water penetrates into them, com- 
bustions and explosions must take place ; al^l it is 
remarkable that the lava which is thrown ou4 is 
the very kind of substance which might be expected 
to result from these combustions. 

I must now take ray leave of you>; we have had 
a very long conversation to-day, and I hope you 
will be able to recollect what you have learnt. A,i 
oux next interview we shall enter on a new subject. 


END OF THE FIRST VOLUMBi, 


G. WoodfaU. Printer. 
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